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I. — Some  Denvatives  of  Pi-  hi-Methijlindole. 
By  H.  G.  CoLMAX,  Ph.D.,  M.Sc. 

Introduction. 

In   his  classic  researches    on  the    compounds    of  the     indigo-group, 
Baeyer  obtained,  by  the  reduction  of  isatin,  successively — 

Dioxindole,  CaH,<^^^^>CO  ;  Oxindole,  C6H,<^^-=>C0; 

and  Indole,  C6Hi<^^>CH. 

Up  to  the  present  time,  the  methyl-derivatives  of  these  compounds 
have  been  but  little  studied,  and  it  seemed  probable  that  they  might 
be  obtained  from  Pr  In-methylindole  (for  nomenclature,  see  E.  Fischer, 
Annalen,  236,  116),  which,  thanks  to  the  researches  of  E.  Fischer 
and  0.  Hess  {Ber.,  17,  559),  can  now  be  prepared  in  quantity  without 
difficulty. 

Fischer  and  Hess  (ibid.,  p.  561)  have  shown  that  methylindole  can 
be  converted  into  methylpseudoisatin  by  a  very  remarkable  reaction. 
They  found  that  when  methylindole  or  methylindolecarboxylic  acid 
is  treated  with  a  solution  of  sodium  hypochlorite,  a  crystalline  pre- 
cipitate is  formed,  which  on  boiling  with  alcoholic  potash  yields 
methylpseudoisatin. 

The  intermediate  product  was  analysed  by  Fischer  and  Hess,  but 
the  analysis  was  insufficient  to  decide  whether  the  substance  had  the 
formula  CgHgNBr^O  or  CgH^NBrzO.      At  Professor  Emil    Fischer's 
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suggestion,  I  have  made  a  detailed  examination  of  tlie  reaction,  the 
results  of  which  are  given  in  the  following  paper. 

The  product  of  the  action  of  sodium  hypochloi-ite  on  methylindole 
or  methylindolccarboxylic  acid  has  the  formula  C9H7lSrBr30,  and  is 
most  probably  a  dibromo-derivative  of   methyloxindole,  having  the 

— PRt  — 

formula   C6H4<j^.Q-gx> CO,  since  with  phenylhydrazine  it  gives  a 

crystalline  derivative,  which  is  identical  with  methylpseudoisatin- 
phenylhydrazone.     The  latter  must  have  the  constitution 

as  phenylhydrazine  never  reacts  with  a  carbonyl-group  which  is 
direct!}'  combined  with  nitrogen  (see  Baeyer,  Ber.,  16,  2188).  From 
this  it  follows  that  the  two  bromine-atoms  must  be  in  the  Pr  3-position 
as  given  in  the  above  formula. 

Ibis  formula  also  .  easily  explains  the  formation  of  methyl- 
pseudoisatin  when  the  substance  is  boiled  with  alkali  or  even  with 
water,  the  two  bromine-atoms  being  displaced  by  one  of  oxygen. 

By  the  action  of  sodium  hypochlorite  on  methylindolecarboxylic 
acid,  the  corresponding  dichloromethyloxindole-  is  obtained,  which 
corresponds  in  all  its  reactions  to  dibromomethyloxindole. 

This  peculiar  reaction  with  hypochlorites  and  hypobromites  seems 
confined  to  those  indoles  in  which  the  alkyl-group  is  attached  to  the 
nitrogen-atom.  If  indole  is  treated  in  the  coi'responding  manner,  the 
products  of  the  reaction  are  not  nearly  so  simple. 

Methylpseudoisatinoxime,  C6H4<^_^".pTT  x_^CO,  can  be  obtained  in 

two  ways,  viz.,  by  the  action  of  hydroxylamine  on  methylpseudoisatin, 
or  by  passing  nitrogen  trioxide  into  a  solution  of  methyloxindole. 

On  reduction  in  acid  solution,  dibromomethyloxindole  loses  first  one 
atom  of  bromine,  forming  monobromomethyloxindole, 

C6H4<;j^.Q  jj  >C0, 

which  by  long-continued  reduction  loses  the  second  atom  of  bromine, 

— PTT  — 

and  is  converted  into  methyloxindole,  C6H4<^^  p^  ^CO. 

By  the  reduction  of  methylpseudoisatin  in  either  acid  or  alkaline 
solution,  methyldioxindole,  C6H4<^n^^,>TT  ~.\>G0,  is  obtained. 

Experimental  Part. 

The  methylindolecarboxylic  acid  necessary  for  this  work  was  pre- 
pared according  to  the  directions  of  Fischer  and  Hess  (Bm-.,  17,  561), 
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by  warming  mpthylphenylhydrazone-pyroracemic  acid  with  dilute 
hydrochloric  acid.  The  crude  acid  thus  obt  lined  is  sufficiently  pure 
for  fui'ther  experiments. 

The  pyroracemic  acid  required  was  prepared  by  Dobner's  method 
(Annalen,  242,  268),  which  gives  a  very  satisfactory  yield  of  the  pure 
acid. 

—  PRr  — 

Dibromomethyloxindole,  CeHi-tC^-j^.pTr'^s^CO. 

The  action  of  sodium  hydrobromite  on  methyliudolecarboxylic  acid 
was  found  to  proceed  best  under  the  following  conditions  : — 

5  grams  of  the  crude  acid  are  dissolved  in  dilute  caustic  soda 
solution,  and  boiled  with  animal  charcoal  for  a  few  minutes.  The 
filtered  liquid  is  gradually  added  to  a  well-cooled  mixture  of 
22'5  grams  of  bromine  in  about  900  c.c.  of  water,  to  which  sufficient 
caustic  soda  had  been  added  to  neutralise  the  bromine,  and  the  whole 
continually  shaken  during  the  addition.  The  substance  separates  at 
once  in  fine  needles,  the  colour  of  which,  in  the  various  experiments, 
varied  from  light  brown  to  dark  red. 

In  order  to  purify  the  substance,  the  crystals  are  collected,  well 
washed  with  water,  dissolved  in  alcohol  and  boiled  with  animal 
charcoal.  The  filtered  solution  is  then  partially  evapoi'ated,  and  on 
cooling  small  yellow  tables  crystallise  out.  These  are  separated  from 
the  mother-liquor  on  the  filter-pump,  twice  recrystallised  from  alcohol, 
and  finally  dried  over  sulphuric  acid  in  a  vacuum. 

By  this  means  the  substance  is  obtained  in  almost  white  tables 
which  melt  with  decomposition  at  204°,  On  analysis,  numbers 
were  obtained,*  which  agree  well  with  the  formula  C9H7NBr20. 

A  comparison  of  this  formula  with  that  of  methylindole  shows 
that  it  differs  from  the  latter  in  that  it  contains  two  atoms  of 
hydrogen  less,  and  the  elements  BrjO  more.  As  it  is  easily  con- 
verted into  methylpseudoisatin,  the  bromine  substitution  must  have 
taken  place  in  the  pyrroline-ring.  In  order  to  determine  whether 
these  bromine-atoms  are  attached  to  the  same  or  to  (liferent  carbon- 
atoms,  the  substance  was  subjected  to  the  action  of  phenylhydrazine. 

For  this  purpose,  4  grams  of  the  crude  product  were  dissolved  in 
warm  alcohol,  and  added  to  a  solution  of  5  grams  of  phenylhydrazine 
hydrochloride,  and  7'5  grams  of  sodium  acetate  dissolved  in  as  little 
water  as  possible.  In  a  short  time,  the  liquid  became  dark  brown, 
and  on  addition  of  water  the  product  of  the  reaction  was  completely 
precipitated  as  a  yellow  oil,  which  crystallised  on  standing.  The 
crystals  were  collected,  washed,  and  twice  recrystallised  from  benzene. 

*  For  analytical  numbers,  kc,  in  this  and  the  remaining  analyses,  see  Annalen, 
248,  114  &c. 

B   2 
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It  forms  fascicular  groups  of  small  yellow  needles  which  melt  at 
144^145°  (uncorr.),  and  gave  on  analysis  numbers  agreeing  with 
tiiose  required  for  methylpseudoisatin-phenylhydrazone.  A  com- 
parison of  its  properties  with  the  compound  obtained  from  methyl- 
pseudoisatin  and  phenylhydrazine  showed  conclusively  that  the  two 
substances  were  identical. 

From  this  it  follows  that  the  two  bromine-atoms  are  attached  to 
the  same  carbon-atom  in  the  pyrroline-ring,  which  condition  is  ful- 
filled only  by  the  two  following  formula3 : — 

c«h.<n(chJ>co-       c.h.<-co->ob,v 

The  first  would  be  dibromomethyloxindole,  and  the  second  dibromo- 
methylpseudoindosyl. 

The  hydrazones  of  the  compound  under  discussion  and  of  methyl- 
pseudoisatiu  being  identical,  the  two  bromine-atoms  in  the  one  must 
correspond  with  that  carbonyl-group  in  the  other  which  is  acted  on 
by  phenylhydrazine.  Now,  it  is  well  known  that  phenylhydrazine 
never  acts  on  a  carbonyl-group  which  is  directly  connected  with 
nitrogen,  so  that  in  methylpseudoisatin  the  carbonyl-group  in  the 
Pr  3-position  must  be  the  one  attacked,  and  the  hydrazone  formed  must 

have  the  formula  CsH^-cC]    ^'  -nt/'ptt  n,^__^CO.     It  follows,  therefore, 

that  in  the  brominated  compound  the  two  bromine-atoms  must  also 
occupy  the  Pr  3-position,  as  given  in  the  first  of  the  above  formulae. 

The  substance  consequently  is  dibromomethyloxindole.  Its  chief 
properties  are  as  follows : — 

It  crystallises  from  alcohol  in  yellowish-white  tables,  which,  when 
quickly  heated,  melt  with  decompositon  at  204°.  If  heated  slowly, 
however,  it  becomes  brown  at  170°,  and  melts  at  180°.  It  is  readily 
soluble  in  alcohol,  ether,  chloroform,  and  benzene,  but  only  sparingly 
in  light  petroleum,  and  insoluble  in  cold  water.  On  boiling  with 
water,  it  is  converted  into  methylpseudoisatin.  It  reacts  very  readily 
with  alkalis,  ammonia,  amines,  hydrazines,  and  reducing  agents.  If 
shaken  with  benzene  containing  thiophen  and  strong  sulphuric  acid, 
a  brown  coloration  is  produced,  which,  however,  after  standing  for 
several  hours,  becomes  changed  to  the  same  blue  as  that  produced  by 
methylpseudoisatin. 

Bichloromethyloxindole,  C6H4<^^^p,^  n^CO. 

The  preparation  of  this  substance  corresponds  exactly  with  that 
of  dibromomethyloxindole.  The  solution  of  methyliudolecarboxylic 
acid   in   alkali   is   purified    by   boiling   with    animal   charcoal,    and 
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gradually  added  to  a  cold  dilute  solutiou  of  sodium  Iiypochlorito, 
care  being  taken  that  the  latter  is  in  excess.  The  substance  separates 
first  in  small  oilj  drops,  which  soon  solidify  to  small  brownish-white 
needles.  These  are  collected,  well  washed,  and  recrystallised  several 
times  from  alcohol  or  acetone.  Tims  purified  it  forms  white  needles 
which  melt  at  145 — 147°.  The  numbers  obtained  on  analysis  afree 
well  with  those  required  by  the  formula  C9H7NCI..O. 

Dichloromethyloxindole  dissolves  much  more  readily  in  alcohol  than 
the  corresponding  bromine-compound,  and  is  also  easily  soluble  in 
acetone  and  ether,  but  insoluble  in  water.  Towards  reagents  it 
behaves  in  exactly  the  same  manner  as  dibromomethyloxindole,  but  it 
is  not  so  easily  decomposed  by  heat,  for,  whereas  the  former  begins  to 
decompose  at  170°,  the  latter  can  be  heated  to  210°  Avithout  any 
change  taking  place. 

QO 

Methylpseudoisatin,  Gz^i<^^,^rs  n^CO. 

This  compound  was  obtained  by  Fischer  and  Hess  {loc.  cit.)  from 
dibi-omomethyloxindole  by  boiling  it  with  alcoholic  potash.  Instead 
of  this,  it  was  found  more  advantageous  to  boil  the  bromine-compound 
with  Avater.  About  8  gi-ams  of  crude  dibromomethyloxindole  are 
suspended  in  300  grams  water,  and  the  whole  boiled  for  two  or 
three  hours,  using  a  reflux  condenser.  The  solution  becomes  deep 
red,  and  a  considerable  quantity  of  resinous  matter  separates.  This 
is  filtered  oft",  and  the  clear  solution  concentrated  on  the  water-bath, 
when  beautiful  red  needles  separate  on  cooling  ;  these,  after  another 
crystallisation  from  water,  are  quite  pure. 

The  properties  of  methylpseudoisatin  have  already  been  given  by 
Fischer  and  Hess  (Ber.,  17,  561). 

MethylpseudoisatinpTienylhydrazone,  C6H4<^    ^'  ivt^p,tt  I    ^  ^CO. 

To  prepare  this  substance,  1  gram  of  methylpseudoisatin  is  dis- 
solved in  hot  water,  and  to  this  an  aqueous  solution  of  1  gram  of 
phenylhydi"azine  hydrochloride  and  1'5  grams  of  sodium  acetate  is 
added.  The  solution  becomes  turbid  almost  immediately,  and  after  a 
short  time  oily  drops  separate  which  crystallise  on  cooliug.  The 
crystals  are  collected,  washed,  recrystallised  from  alcohol  or  benzene, 
and  dried  at  100°.  The  results  of  its  analysis  are  in  full  agreement 
with  the  above  formula. 

Methylpseudoisatinphenylhydrazone  crystallises  in  fascicular  groups 
of  small,  yellow  needles,  which  melt  without  decomposition  at 
145 — 146°.  It  is  easily  soluble  in  alcohol  and  benzene,  sparingly  in 
ether,  and  insoluble  in  water  and  light  petroleum. 
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As  has  already  been  stated,  tlie  product  obtained  by  the  action  of 
phenylhydrazine  on  dibromomethyloxindole  is  identical  with  this 
hydrazone. 

Methylpseudoisatinoxime,  C6H4<^_^'.^tt  >)_!>C0. 

The  preparation  of  this  oxime  is  best  carried  out  as  follows  : — 

Aqueous  solutions  of  methylpseudoisatin  and  hydroxylamine 
sulphate  are  mixed,  and  allowed  to  stand.  The  liquid  soon  becomes 
turbid,  and  in  about  12  hours  the  reaction  is  complete,  part  of  the 
oxime  separating  as  a  bulky  amorphous  precipitate,  while  part 
remains  in  solution. 

In  order  to  isolate  the  oxime,  the  whole  is  shaken  with  ether 
10  times  successively,  the  ethereal  solution  dried  with  calcium 
chloride,  the  ether  distilled  off,  and  the  residue,  which  is  a  yellow, 
crystalline  mass,  purified  by  recrystallisation  from  hot  water. 

In  this  manner  the  oxime  is  obtained  as  a  light  yellow  substance 
crystallising  in  small  needles,  which  on  heating  become  plastic  at 
170°,  and  melt  at  180 — 183°.  Even  after  repeated  crystallisation 
from  acetone,  the  melting  point  does  not  become  constant.  The  cor- 
responding ethylpseudoisatinoxime  was  found  by  Baeyer  (Ber.,  16, 
2196)  to  behave  in  a  similar  manner. 

Methylpseudoisatinoxime  is  fairly  soluble  in  hot,  but  much  less  in 
cold  water,  easily  in  alcohol,  acetone,  ether,  and  benzene. 


Reduction  of  Dibromomethyloxindole  in  Acid  Solution. 

Dibromomethyloxindole  is  very  easily  acted  on  by  reducing  agents, 
especially  in  acid  solution.    The  reduction  proceeds  best  as  follows: — 

To  a  mixture  of  dibromomethyloxindole  with  an  excess  of  zinc- 
dust,  suspended  in  alcohol,  concentrated  hydrochloric  acid  is  gradually 
added  in  small  portions,  the  whole  being  shaken  after  each  addition. 
After  a  few  minutes,  the  dibromomethyloxindole  dissolves,  forming  a 
clear  yellow  solution,  which  is  warmed  for  a  short  time  on  the  water- 
bath.  After  the  solution  has  been  filtered  from  the  unaltered  zinc-dust, 
it  is  largely  diluted  with  water,  and  heated  on  the  water-bath  till  the 
alcohol  is  completely  evaporated.  'i'he  products  of  the  reaction 
then  separate  for  the  most  part  as  reddish-brown  oily  drops,  which 
collect  at  the  bottom  of  the  dish.  The  clear,  colourless  mother- 
liquor  is  poured  off,  and  treated  as  shown  later  on. 

The  oil  is  now  boiled  with  a  large  quantity  of  water  for  some  time, 
and  thereupon  partially  dissolves.  The  liquid  is  filtered  hot  and  from 
the  colourless  solution  white  needles  sepai'ate  on  cooling.     These  are 


OF   Pr    bi-METIlYLIXDOLE.  7 

filtered  off,  and  the  motlier-liquol'  utilised  for  again  extracting  the 
residual  oil.  This  process  is  repeated  until  the  solution  no  longer 
yields  crystals  on  cooling.  To  this  solution  the  colourless  mother- 
liquor  above  mentioned  is  added. 

Mondbromomethyloxindole,  Ce^i<^^.,^ .rT^CO. 

The  crystalline  product  was  first  examined,  with  the  following 
result : — 

After  a  single  recrystallisation  from  acetone,  the  substance  was 
obtained  in  white,  lustrous  plates  melting  at  132 — 134°.  It  gave,  on 
analysis,  numbers  which  agree  well  with  the  formula  CjHsNBrO,  and 
IS,  therefore,  as  one  would  expect,  monobromotnethyloxindole. 

It  is  soluble  to  some  extent  in  hot  water,  scai'cely  at  all  in  cold.  It 
dissolves  easily  in  alcohol,  ether,  and  acetone,  and  crystallises  best 
from  the  latter. 

The  bromine  in  this  compound  is  very  firmly  combined.  On 
boiling  with  caustic  potash  solution,  it  dissolves,  but  crystallises  out 
unaltered  on  cooling. 

r^xj 

Methi/loxindole,  CeHi-^c^-j^^.i^j  s  ]>C0. 

The  mother-liquor  was  then  examined,  being  ti-eated  as  follows : — 

The  solution  is  exti-acted  10  times  with  ether,  the  ethereal  solution 
dried  over  calcium  chloi-ide,  and  the  ether  evaporated.  The  residue 
is  an  oil,  which  on  standing  for  a  short  time  solidifies  to  a  beautiful, 
radiating,  crystalline  mass. 

If  this  mass  be  now  crystalllised  from  water  it  is  obtained  in  white, 
transparent  needles,  some  of  which  are  4 — 5  cm.  long.  These, 
hovrever,  still  contain  2 — 3  per  cent,  of  the  monobromo-derivative. 
To  completely  eliminate  the  bromine,  the  substance  must  be  dissolved 
in  hot  water,  and  boiled  for  half  an  hour  with  zinc-dust  and  hydro- 
chloric acid.  This  powerful  reducing  action  has,  however,  also  the 
effect  of  causing  a  considerable  diminution  in  the  yield. 

The  solution,  after  filtering  off  the  zinc-dust,  is  extracted  with  ether 
as  before,  and  the  residual  oil  recrystallised  from  water.  It  is  thus 
obtained  in  small,  white  needles,  which,  for  analysis,  were  dried  over 
sulphuric  acid  in  a  vacuum.  The  numbers  obtained  on  analysis 
confirmed  the  supposition  that  the  substance  is  methyloxindole. 
It  melts  at  86 — 88",  and  volatilises  slightly  with  steam.  Heated  by 
itself  it  distils  with  partial  decomposition  and  formation  of  a  reddish- 
brown  substance.  It  is  fairly  soluble  in  hot  water,  but  much 
less  so  in  cold  water  and  in  light  petroleum,  easily  in  alcohol,  ether, 
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acetone,  and  benzene.  It  is  precipitated  from  its  ethereal  solution  by 
licrht  petroleum  in  fine  oily  drops,  which  solidify  in  a  short  time, 
forming  beautiful  transparent  needles. 

It  does  not  combine  with  phenylhydrazine  even  on  long-continued 
warmino-.  This  fact  bears  out  the  supposition  that  in  dibromomethyl- 
oxindole  the  bromine-atoms  are  in  the  Pr  3-position. 

When  boiled  with  caustic  potash  solution,  it  does  not  take  up  the 
elements  of  water,  so  as  to  form  the  corresponding  acid, 

^^    .CH,-COOH 

It  dissolves  in  the  hot  liquid,  but  is  precipitated  unaltered  on  cooling. 

If  bromine-water  is  added  to  an  aqueous  solution  of  methyloxindole, 
a  crystalline  precipitate  is  at  once  formed.  This,  however,  is  not 
identical  either  with  dibromomethyloxindole  or  with  monobromo- 
methyloxindole,  for  it  is  quite  insoluble  in  water  and  is  not  acted  on 
by  caustic  potash  solution.  It  seems  probable,  therefore,  that  the 
bromine  is  contained  in  the  aromatic  nucleus. 

By  the  action  of  nitrogen  trioxide  on  methyloxindole  in  dilute 
aqueous  solution,  a  compound  is  formed  which  was  found  to  be 
identical  with  raethylpseudoisatinoxime.  When  prepared  by  this 
method,  however,  it  is  much  more  difficult  to  purify. 


Methyldioxindole,  C6H4<^  TJl'TH  "i  ^^'~-^- 

This  compound  is  obtained  by  the  reduction  of  methylpseudoisatin. 
The  following  method  gives  the  best  results : — 

4  grams  of  dibromomethyloxindole  are  boiled  with  water  for  2  to  3 
liours.  To  the  solution  thus  formed,  which  contains  methylpseudo- 
isatin and  hydrobromic  acid,  zinc-dust  is  added,  and  the  whole  boiled 
till  the  liquid  is  colourless,  more  acid  being  added  if  necessary.  The 
filtered  and  cooled  solution  is  then  extracted  20  times  with  ether. 
The  residue  left  on  evaporating  the  ether  is  always  slightly  yellow, 
part  of  the  methyldioxindole  being  oxidised  by  the  oxygen  of  the  air 
to  methylpseudoisatin. 

This  is  twice  recrystallised  from  benzene,  and  is  thus  obtained  in 
the  form  of  colourless  needles  or  prisms.  It  miist  be  dried  over  sul- 
phuric acid  in  a  vacuum,  as  it  becomes  slightly  brown  when  heated 
for  any  length  of  time  at  100°.  Its  analysis  agrees  well  with  the 
formula  C9H9NO2.  It  melts  at  149 — 151°  and  decomposes  on  further 
heating.  It  is  sparingly  soluble  in  cold  water,  alcohol,  ether,  and 
benzene,  but  easily  in  the  hot  liquids.     From  water  and  alcohol,  the 
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crystals  are  always  yellowish,  but  it  can,  as  above  stated,  be  obtained 
white  from  its  solution  in  benzene. 

If  the  solution  of  methjldioxindole  is  allowed  to  stand  in  the  air  it 
is  gradually  oxidised  to  methylpseudoisatin,  but  if  it  be  made  alkalim,' 
oxidation  will  proceed  very  rapidly. 

One  important  diiference  is  to  be  noted  iu  the  behaviour  of  i.satin 
and  methylpseudoisatin  towards  reducing  agents.  Isatin  on  reduction 
in  alkaline  solution  yields  isatyd,  a  compound  containing  a  molecule 
twice  as  large  as  isatin,  whereas  methylpseudoisatin  yields  the  same 
product  as  in  acid  solution,  viz.,  methyldioxindole. 

The  following  table  shows  the  derivatives  of  methylindole  obtained 
up  to  the  present  time,  together  -with  the  corresponding  indole- 
compounds. 


Indole,  m.  p.  52° ;  b.  p.  245°. 
Oxindole,  m.  p.  120°. 
Bromoxindole        (constitation 
unknown),  m.  p.  170^^. 


Dioxindole,  m.  p.  180°. 

Isatin,  m.  p.  200—201°. 
Isatinphenylhjdrazone,   m.  p. 

210°. 
Isatinoxime,  m.  p.  202°. 


Methylindole,  b.  p.  239°. 
Methyloxindole,  m.  p.  86—83°. 
Bromomethyloxindole,       m.     p. 

132—134°. 
Dibromomethyloxindole,     m.    p. 

204°. 
Dichloromethyloxindole,     m.    p. 

145—147°. 
Methyldioxindole,    m.   p.    149 — 

151°. 
Methylpseudoisatin,  m.  p.  134°. 
Methylpseudoisatinphenylhydr- 

azone,  m.  p.  145 — 14G^ 
Methylpseudoisatinoxime,   m.  p. 

180—183°. 


The  above  research  was  carried  out  in  Professor  Emil  Fischer's 
laboratory  at  Wiirzburg,  and  I  take  this  opportunity  of  expressing 
ray  best  thanks  to  Professor  Fischer  for  the  kind  advice  and  assis- 
tance given  me  throughout  the  investigation. 


10 


II. — Action  of  Ethylenediamine  on  Succinic  Acid. 

By  Arthur  T.  Mason,  Ph.D.,  F.I.C. 

Maxt  years  ago,  D'Arcet  (Annalen,  16,  215),  by  the  action  of  am- 
mouia  on  siiccinic  anhydride,  prepared  succininiide,  and,  starting 
from  this,  Cianiician  and  Silber  have,  by  means  of  phosphorus  penta- 
chloride,  obtained  tetrachloropyrrol  (Ber.,  16,  2398).  Now,  although 
this  compound  cannot  be  reduced  in  the  ordinary  manner  to  pyrrol, 
these  investigators,  availing  themselves  of  Hepp's  discovery  that 
tetrachloropyrrol  and  tetrabromopyrrol  can  be  easily  converted  into 
tetra-iodpyrrol  by  treatment  with  potassium  iodide  in  alcoholic 
solution,  found  they  had  at  their  disposal  a  compound  which  by 
reduction  with  zinc-dust  and  potassium  hydrate,  gave  pyrrol  with 
the  greatest  ease,  thus  completing  by  stages  the  same  synthesis  which 
is  effected  directly  by  distilling  succinimide  with  zinc-dust  containing 
hydroxide. 

The  experiments  about  to  be  described  were  undertaken  in  the  hope 
of  arriving,  by  similar  reactions,  at  an  ethylenedipyiTol  of  the  follow- 
ing constitution  : — 

CEtiiCH.  .CR—CR 

I  >N-CH2-CH,-N<;  I      , 

and  although  hitherto  T  have  been  unsuccessful  in  my  object,  I  take 
the  liberty  of  laying  the  results  already  obtained  before  the  Society 
in  order  to  secure  this  field  of  work,  as  well  as  that  with  the  aromatic 
diamines  which  I  have  already  begun.  Succinic  acid  dissolves  easily 
in  an  aqueous  solution  of  ethylenediamine  with  evolution  of  heat 
and  formation  of  the  addition  product  (CH2-COOH)o,(CH,-NH,)o; 
and  as  this  has  not,  to  my  knowledge,  been  hitherto  described,  I  take 
this  opportunity  of  mentioning  it.  It  is  easily  soluble  in  water,  and 
crystallises  therefrom  in  thick,  white  prisms.  It  melts  at  181 — 182° 
to  a  colourless  liquid,  giving  up  water  and  becoming  semi-solid  again. 
It  is  insoluble  in  alcohol  and  ether.  An  analysis  of  the  substance 
dried  at  100°  gave  the  following  numbers  : — 

0-2175  gram  gave  0-1593  gram  H^O  and  0-3235  gram  COj. 
0'1738  „  24-8  c.c.  moist  nitrogen  at  18°  and  718  mm. 

Calculated  for 
C6H,4N204.  Found. 

C 40-45  40-56 

H 7-86  8-13 

N 15-73  15-55 

O  35-95  — 
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CH,— CO.  CO— CHj 

Etnylenedisuccinimide,    |  /N'CH2'CH3'N<|^  | 

CHo— CO^  ^CO— CH^ 

This  compound  is  formed  when  tlie  addition  product  just  described  is 
heated  above  its  melting  point,  water  being  eliminated  :  it  is,  however, 
by  no  means  necessary  to  isolate  the  addition  product  in  the  pure  state 
in  order  to  obtain  the  best  results.  After  preparing  considerable 
quantities,  I  have  no  hesitation  in  giving  the  following  as  the  most 
advantageous  method  : — 

60  grams  of  succinic  acid  are  mixed  with  20  grams  of  ethylene- 
diamine  hydrate,  and  just  sufficient  water  is  added  to  bring  the  whole 
into  solution  on  Avarmiug.  The  mixture  is  now  heated  in  a  fiask  over 
a  small  flame,  with  a  thermometer  in  the  liquid.  As  the  water  evapo- 
rates, the  temperature  gradually  rises,  and  the  heating  is  continued 
until  the  thermometer  indicates  195°,  when  the  whole  has  changed  to 
a  clear  pale-brown  sjrup.  After  the  temperature  has  reached  180"", 
the  thermometer  rises  rapidly,  and,  if  not  carefully  watched,  over- 
heating may  occur,  which,  curiously  enougj],  has  an  influence  on  the 
yield,  although  the  pure  product  can  be  distilled  without  decomposi- 
tion. On  cooling,  the  whole  crystallises  to  a  mass  of  prismatic  needles, 
which  is  almost  white  ;  this  is  recrystallised  from  about  800  c.c. 
of  water,  when  40  grams  of  a  practically  pure  product  are  obtained 
in  thick,  white,  prismatic  needles  which  melt  at  250 — 251°.  It  distils 
almost  without  decomposition  at  abou.t  395'',  and  sublimes  in  long, 
colourless,  prismatic  needles — the  sublimate  being  highly  electrical. 
On  distillation  with  zinc-dust  containing  hydroxide,  the  pyrrol 
reaction  with  pinewood  was  easily  obtained,  but  the  compound  could 
not  be  isolated  in  quantity  sufficient  for  an  accurate  investigation  of 
its  properties.  The  cli-imide  was  dried  at  120°  for  analysis;  the 
following  are  the  numbers  obtained  : — 

0"2215  gram  gave  0'114  gram  water  and  0*429  gram  carbon  dioxide. 

0-1625         „  0-0816         „         „         0-3192 

0-1714  „  18-5  c.c.  moist  nitrogen  at  14°  C.  and  7tl6  mm. 

0-1565         „  17-5  c.c.         „         „  15^  C.    „    719    „ 

Found. 

Calculated  for  i ' > 

CioHi^NoO^.  I.  II. 

C 53-57  52-82  53-57 

H 5-35  5-71  5-57 

IS 12-50  12-10  12-41 

0 28-57                       —  — 

It  is  soluble  in  hot  water,  but  only  sparingly  in  cold ;  boiling  alcohol 
dissolves  traces  of  the  substance,  whilst  in  ether,  benzene,  acetone,  and 
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liglit  petroleum  it  is  altogether  insoluble.  The  substance  is  not 
attacked  by  bromine  and  water  at  120°,  but  if  heated  in  sealed  tubes  for 
three  hours  at  180°  in  the  proportions  of  1  mol.  of  substance  to  4  mols. 
of  bromine,  the  whole  of  the  bromine  is  absorbed,  and  the  tubes  on 
cooling  are  filled  with  a  pale-brown  scaly  product,  there  being  at  the 
same  time  a  large  pressure  in  the  tubes  due  to  carbon  dioxide  and 
monoxide. 

The  brown  scales,  on  washing  witli  alcohol  and  ether,  became 
white,  and  on  analysis  gave  numbers  closely  agreeing  with  those 
required  for  ethylenediamine  bromhydrate  : — 

0'2974  gram  gave  0"1251  gram  water  and  0'1281  gram  carbon  dioxide. 
0'2078  „  24  c.c.  moist  nitrogen  at  25^  C.  and  721  mm. 

0"1925  ,,  0'3'2b7  gram  silver  bromide. 

Calculated  for 

C2H4(NH.)2,2HBr.  FoTind. 

C lO-si  11-22 

H 4-50  4-67 

N 12-61  12-20 

Br 7207  72-00 

Besides  this,  a  sample  of  pure  ethylenediamine  bromhydrate  was 
prepared  from  the  pure  base,  and  when  compared,  the  two  prepara- 
tions agreed  in  all  particulars.  The  formation  of  brominated  succinic 
acids  was  not  observed,  but  as  only  two  atoms  of  bromine  are  required 
by  the  bromhydrate,  and  as  a  large  pressure,  due  principally  to  oxides 
of  carbon,  was  found  in  the  tubes,  we  have  probably  to  do  with  a 
more  complete  decomposition  with  formation  of  brominated  ethanes. 

The  action  of  the  halogens  on  ethylenedisuccinimide,  as  well  as  on 
analogous  compounds  belonging  to  the  aromatic  series,  in  the  absence 
of  water,  will  be  treated  of  in  a  subsequent  paper. 

Ethylenedtsuccinamic  Acid,  "^^r'n'-NR-rO-rH -rH -rOOH' 

In  the  preparation  of  this  substance,  22-4  grams  of  the  di-imide  are 
pulverised  and  dissolved  in  hot  water,  and  a  solution  of  about  20  grams 
of  pure  barium  hydroxide  added.  The  whole  is  then  kept  boiling 
for  about  10  minutes,  and  the  excess  of  baryta  precipitated  by  a 
stream  of  carbon  dioxide.  In  the  still  warm  filtrate,  the  combined 
barium  is  carefully  precipitated  by  the  theoretical  quantity  of  dilute 
hydrogen  sulphate,  using  a  trace  of  Orange  III  (sodium  salt  of  di- 
methylanilineazobenzenesulphonic  acid)  as  indicator.  When  all  the 
barium  has  been  precipitated,  the  mixture  is  allowed  to  stand  on  the 
water-bath  for  two  or  three  hours,  filtered,  and  evaporated  to  about 
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one  quarter  of  its  original  volume.  •  After  standing  several  liours  in 
a  cold  place,  the  solution  begins  to  deposit  the  new  acid  in  the  form 
of  large,  colourless,  quadratic  plates,  having  the  constant  melting 
point  184 — 185°.  For  analysis,  it  was  recrystallised  from  water,  and 
dried  at  100° ;  the  following  are  the  results  obtained  : — 

0'1G47  gram  gave  0099  gram  H2O  and  0-2768  gram  COo. 

0-1735  „  01007         „  „     0-2925 

0-1415  „  141  c.c.  moist  nitrogen  at  22"  C.  and  726  mm. 

Found. 

Calculated  for  ^ * ^ 

C,„H,«N,06-  I.  II. 

C 46-15  45-83  45-97 

H 6-15  6-67  6-44 

N 10-76  10-76  — 

0 36-94  —  — 

The  new  acid  is  easily  soluble  in  hot  water,  with  greater  difficulty 
in  cold.  It  dissolves  in  hot  alcohol  with  tolerable  ease,  but  is  only 
sparingly  soluble  in  cold,  and  is  insoluble  in  ether,  benzene,  acetone, 
and  light  petroleum. 

In  the  presence  of  even  very  dilute  mineral  acids,  it  gives  up  water 
on  heating,  being  convei'ted  into  the  di-imide  described  above. 
Neither  hytli'azone  nor  isonitroso-derivative  could  be  prepared  by  the 
action  of  phenylhydrazine  and  hydroxylamine,  and  this  was  expected, 
as  it  has  already  been  proved  in  many  cases  that  compounds  con- 
taining the  "  carbonyl "  group  CO,  between  carbon  and  nitrogen,  do 
not  react  like  true  "ketones." 

Silver  Salt,  CloHuNaOsAga. — The  silver  salt  is  prepared  in  the 
usual  way  by  dissolving  the  acid  in  aqueous  ammonia,  evaporatino- 
till  the  excess  of  the  latter  has  disappeared,  and  precipitating  the 
solution  in  water  with  silver  nitrate.  It  falls  as  a  voluminous,  white 
precipitate,  easily  soluble  in  ammonia,  but  insoluble  in  the  general 
solvents.  It  darkens  rapidly  on  di-ying  at  100°,  but  is  stable  in 
diffused  sunlight.     A  silver  estimation  was  made. 

0-1647  gram  gave  0-09886  gram  silver  chloride. 

Calculated  for 
CioHi4N206Ag.2.  Found. 

Ag 45-57  45-17 

Calcium  Salt,  CioHuN.j06Ca  +  3H2O. — Prepared  from  the  di-imide 
by  heating  with  the  theoretical  quantity  of  pure  calcium  hydrate 
suspended  in  water.  The  solution  is  filtered,  evaporated  on  the 
water-bath,  and  then  allowed  to  stand  over  sulphuric  acid  j  the  salt 
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separates  in  laro-e,  prismatic  crystals   containing  3  mols.  H2O.     Tlie 
calcium  estimation  gave  the  following  result :  — 

0"2280  gram  gave  0"0362  gram  calcium  oxide. 
0-15G9  „  0-0245      „     water. 

Calculated  for 
CioHi^N.OgCa  H    3H.0.         Found. 

Ca 11-36  11-.34 

H.,0 15-34  15-61 

University  Laboratory, 
Zurich. 


III. — The  Principles  of  Thermochemistry. 

By  Spencer  Umfreville  Pickering,  M.A. 

The  connection  between  a  chemical  action  and  the  heat  evolved 
therein  is  a  question  of  vital  importance  to  all  chemists  and 
physicists,  yet  the  fundamental  principles  on  which  it  depends  are 
at  present  in  an  eminently  unstable  and  unsatisfactory  condition. 
On  the  one  hand,  it  is  acknowledged  that  the  atoms  possess  a  certain 
amount  of  potential  energy  or  affinity  which  becomes  partially  or 
entirely  saturated  when  they  combine  together,  and  which,  in  its 
saturation,  must,  according  to  the  principles  of  physical  science, 
evolve  an  exactly  equivalent  amount  of  kinetic  energy,  or,  in  the 
calorimeter,  heat,*  while,  on  the  other  hand,  the  heat  evolved  in  a 
reaction  is  not  yet  recognised  as  a  measure  of  the  affinities  saturated, 
and  there  are  thousands  of  instances  known  in  which  the  saturation 
of  these  affinities  apparently  results  in  a  paradoxical  absorption  of 
heat. 

In' 1853,  Thomson  {Pogq.  Ann.,  92,  34,  and  Per.,  6,425)  stated 
that  "every  simple  or  complex  action  of  a  purely  chemical  character 
is  associated  with  a  production  of  heat."  Naumann  in  1869  (Lieb. 
Ann.,  151,  158)  stated  that  "  with  few  exceptions,  capable  of  being 
otherwise  explained,  those  chemical  changes  which  must  take  place 
with  an  absorption  of  heat  are,  so  to  speak,  indirect  changes.  That 
is  to  say,  they  occur  simultaneously,  and  are  dependent  upon  other 
changes  which  are  themselves  accompanied  by  a  production  of  heat." 

*  Unless  we  assume  the  existence  of  some  form  of  kinetic  or  potential  energy 
■which  lias  hitherto  escaped  our  observation,  an  assumption  which  we  are  scarcely 
justified  in  making,  even  when  all  otlier  possible  explanations  fail. 
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While  Berthelot  in  1879  (Mec.  Chhn.,  2,  421)  thus  enunciated  his 
more  emphatic  and  comprehensive  rrincipe  de  travail  viaximuvi: 
"Every  chemical  change  which  is  completed  without  the  intervention 
of  external  energy  will  always  tend  towards  the  production  of  that 
body,  or  that  system  of  bodies,  developing  the  maximum  quantity  of 
heat,"  adding,  as  a  corollary,  that  "  every  chemical  reaction  capable 
of  occurring  without  the  previous  expenditure  of  work,  and  without 
the  intervention  of  external  energy,  necessarily  occurs,  if  it  develop 
heat." 

No  one  can  study  the  mass  of  thcrmochemical  data  which  exist 
without  concluding  that  such  statements  cannot  be  very  far  from  the 
truth,  at  the  same  time  we  must  agree  with  L.  Meyer  {Modern 
Theories,  429)  in  considering  that  Berthelot's  explanation  of  many 
endothermic  reactions  is  decidedly  forced ;  for  to  explain  reactions 
occurring  in  solution,  he  lias  to  refer  them  to  the  heat  of  formation  of 
the  anhydrous  molecules,  thus  ignoring  the  chemical  nature  of  solu- 
tion, of  which,  however,  he  is  a  firm  supporter ;  nor  does  he  attempt 
any  explanation  of  the  heat  absorbed  when  many  strong  solutions 
are  diluted,  a  chemical  action,  again,  according  to  his  views.* 

But  when  we  examine  the  wording  of  Berthelot's  principle  more 
closely,  we  see  that  the  expression  "  tends  towards "  destroys  the 
whole  value  of  the  statement,  and  affords  a  loophole  for  explaining  (?) 
away  any  discordant  facts,  whereas  if  "  produces  "  be  substituted  for 
"  tends  towards  the  production  of  "  the  statement  must  be  met  with 
an  absolute  denial :  hydrogen  and  oxygen  do  not  combine  at  0°, 
though  they  would  develop  heat  in  so  doing ;  water  decomposes  at 
2000",  absorbing  heat ;  and  endothermic  compounds  are  often,  when 
formed,  quite  stable. 

On  still  wider  grounds,  however,  we  must  reject  any  principles, 
such  as  those  of  Berthelot  and  Thomsen,  the  gist  of  which  lies  in  a 
distinction  between  physical  and  "  purely  chemical  "  action,  a  distinc- 
tion which  never  has  been  possible,  and  which  is  every  day  becoming 
less  possible. 

The  whole  of  the  thermal  results  in  any  action  must  be  explained 
on  one  and  the  same  principle. 

*  Meyer's  objection  to  Berthelot's  principle  on  the  ground  that  it  is  applicable 
to  bodies  at  the  absolute  zero  only,  is  based,  I  think,  on  an  unfair  interpretation  of 
what  Berthelot  meant  by  heat  being  an  external  energy  ;  similarly,  his  objection  on 
the  score  of  the  heat  of  neutralisation  bearing  evidence  opposed  to  that  of  the 
"  avidity  "  of  acids,  is  entirely  due  to  his  misconception  of  the  quantities  measured 
in  neutralisation  ;  the  heat  of  neutralisation  affords,  as  a  matter  of  fact,  stronger 
evidence  than  any  yet  obtained  of  the  direct  proportionality  of  the  heat  evolved 
to  the  affinity  saturated  (Trans.,  1887, 593).  For  a  criticism  of  some  of  the  explana- 
tions of  endothermic  actions  given  by  Berthelot,  see  Rathke,  Ueber  die  Frincipien 
der  Thermochemie,  Halle,  1881. 
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In  seeking  for  such  a  principle,  we  must  start  witli  obtaining  a 
clear  conception  of  the  facts  to  which  this  principle  must  apply.  On 
the  one  hand,  it  is  a  fact  that  substances  will  not  combine  until  a 
certain  temperature  be  reached,  even  though  their  combination  at 
lower  temperatures  would  be  accompanied  by  an  evolution  of  heat ; 
while,  on  the  other  hand,  it  is  also  a  fact  that,  when  the  temperature 
of  any  body  is  raised  to  a  certain  point,  it  decomposes  whether  its 
decomposition  be  attended  with  an  absorption  or  an  evolution  of  heat, 
this  being  probably  true  even  of  the  elementary  molecules  themselves. 
Thus,  the  conversion  of  the  potential  energy  of  affinity  into  kinetic 
energy  (heat)  occurs  only  above  a  certain  definite  temperature, 
different  for  each  different  body,  and  this  kinetic  energy  becomes 
converted  back  again  into  affinity  at  some  higher  tempei'ature ;  but 
we  know  far  too  little  about  atomic  motions  to  attempt  any  explana- 
tion of  how  these  temperatures  are  conditional  in  each  special  case. 
We  must  content  ourselves  with  the  fact  that  combination  occui's 
between  certain  limits  of  temperature  only. 

The  phenomena  which  we  have  to  explain  are,  there foi'e,  confined 
to  those  accompanying  actions  which  do  actually  occur,  and  the  only 
principles  which  we  can  attempt  to  enumerate  are  those  which  deter- 
mine whether  a  certain  reaction  will  occur  provided  the  temperature 
be  between  the  limits  at  which  it  is  possible,  and  to  determining 
which  out  of  several  possible  reactions  will  occur. 

The  accepted  principles  of  dissociation,  the  chemical  nature  of 
solution,  and  the  teaching  of  the  thermal  results  of  neutralisation, 
will,  I  believe,  afford  grounds  sufficient  for  the  foundation  of  such  a 
principle. 

Inasmuch  as  combination  is  the  result  of  the  saturation  of  affinity, 
and  the  saturation  of  this  affinity  must  always  liberate  a  correspond- 
ing amount  of  heat,  it  is  evident  that  every  act  of  combination  must 
cause  an  evolution  of  heat,  and  that  in  any  reaction  where  heat  is  absorbed 
this  absorption  must  be  due  to  some  accompanying  decomposition. 

But  as  decomposition  cannot  be  the  direct  result  of  affinity,  it  must 
be  due  to  the  fact  that  some  of  the  substances  present  are,  at  the 
temperature  of  the  reaction,  above  that  temperature  at  which  they 
begin  to  dissociate.  This  dissociation,  moreover,  cannot  be  that  of 
any  of  the  products,  for  even  if  the  products  were  entirely  dissociated 
back  again  into  the  reagents,  this  would  be  tantamount  to  no  com- 
bination of  the  reagents  having  occurred,  and  hence  the  minimum 
value  of  the  heat  evolved  would  be  nil  and  not  a  negative  quantity.* 

*  Heat  would  be  absorbed  if  the  compound  dissociated  into  substances  simpler 
than  the  reagents  themselves  ;  if,  for  instance,  KCl  combines  with  water  to  form  a 
hydrate  which  when  formed  dissociates  partially  into  K  and  CI,  &c. ;  but  such  a 
case  is,  I  think,  impossible.     If  the  more  saturated  hydrate  dissociated  into  K  and 
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Any  dissociation  occurring  must,  therefore,  be  that  of  the  reagents. 
Hence,  "  in  every  endotliei'mic  reaction  one  or  more  of  the  reagents  must . 
he  in  a  partiaUi/  dissociated  condition." 

Moreover,  ivhen  covihination  occurs,  it  tvill  occur  independently  of 
whether  it  involves  subsequent  ahsorption  of  heat  through  the  removal  of 
the  products  of  dissociation,  and  the  consequent  necessity  for  the  occurrence 
of  further  dissociation.  It  is  obvious  that  the  afTmity  of  the  reacting 
substances,  and  not  the  subsequent  consequences  of  their  reaction,  can 
alone  determine  whether  they  shall  react  or  not. 

It  also  follows  as  a  matter  of  necessity,  I  think,  that  in  any  complex 
system  of  atoms,  icliere  tico  or  more  arrangements  are  possible  and  ivhere 
the  various  products  remain  ivithin  the  sphere  of  action,  capable  of  further 
interaction,  ivhere  such  interaction  is  possible,  (that  is,  where  the  tem- 
perature is  within  the  limits  above  mentioned),  those  products,  the 
formation  of  which  is  attended  tcith  the  greatest  evolution  of  heat,  will  be 
formed,  to  the  exclusion  of  the  others. 

Tlius,  in  illustration  of  my  rueaning,  if  potassium  be  brought  into 
the  presence  of  excess  of  hydrochloric  and  hydrobromic  acids  in 
aqueous  solution,  the  two  actions — 

K  +  HCl  =  KCI  +  H,  and 
K  +  HBr  =  KBr  +  H, 

are  both  known  to  be  possible,  and  it  is  also  known  that  the  KCI  and 
KBr  formed  remain  in  the  solution,  capable  of  reacting  with  any 
excess  of  HBr  and  HCl  respectively  ;  in  such  a  case,  my  proposition 
states,  the  potassium  will  be  converted  entirely  into  chloride  or  bromide 
according  as  the  gross  heat  of  formation  of  one  or  other  of  these  salts 
is  the  greater.* 

Before  enquiring  as  to  how  far  the  principles  are  supported  by 
known  facts,  and  how  endothermic  reactions  may  be  explained  in 
accordance  with  them,  we  must  point  out  that  those  endothermic 
reactions  which  are  brought  about  by  the  so-called  concurrence  of 
another  exothermic  reaction,  require,  in  reality,  no  special  explanation, 
the  endo- and  ex o- thermic  reactions  forming,  in  reality,  but  one  action. 
Thus,  copper  will  not  dissolve  in  weak  sulphuric  acid,  the  action  being 
endothermic,  but  zinc  does  dissolve,  the  action  being  exothermic ;  yet 
when  alloyed  with  zinc,  copper  dissolves  in  the  acid,  the  action  being 

CI,  a  fortiori,  the  less  saturated  anhydrous  salt  would  do  so  also,  and  the  dissocia- 
tion products  of  the  hydrate  would,  therefore,  not  be  simpler  than  the  reagent. 

*  Some  of  both  salts  would,  no  doubt,  be  formed  in  the  first  instance,  but  the 
one  which  was  formed  with  the  least  evolution  of  heat  would  be  eventually  entirely 
converted  into  the  other,  this  reaction  being,  ex  hyp.,  one  of  those  which  does  occur, 
and  which,  having  once  taken  place,  could  not  be  reversed  without  an  absorption  of 
heat. 
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accompanied  with  an  evolution  of  heat.  But  this  is  not  really  a  case 
of  the  copper  dissolving,  but  of  a  compound  of  copper — brass — dis- 
solving, and  since  brass  is  capable  of  dissolving  with  an  evolution  of 
heat,  it  is  but  in  accordance  with  general  observation  to  find  that  it 
does  so. 

As  true  solids  do  not  react  with  each  other,  the  cases  to  be  examined 
are  those  in  which  gases  or  liquids  figure.  The  reactions  indicated 
below  are  the  chief  reactions  in  which  gases  are  concerned,  and 
which  are  endothermic  at  18°. 


H20,0,aq. 

HClaq,03. 

Cl2,0. 

Br2,0,aq. 

N„0. 

Br2,05,aq. 

N",0. 

HBraq,03 

N,02. 

Cl2,05,aq. 

N20,0. 

C2,CU. 

N20,2H,0(=(NH4N03). 

C2,H4. 

N2,2H20  =  (NH1NO2). 

C2,H2. 

C2,N2. 

C2,H2,N2. 

C,N,H. 

0,82. 

S02aq,S. 

COa.C. 

H,I. 

This  list  affords  a  striking  argument  in  favour  of  the  above  prin- 
ciples, for  not  one  of  these  reactions  is  capable  of  taking  place  at 
ordinary  temperatures.  One  or  two  of  them  occur  directly  at  higher 
temperatures  (0,82 ;  C2,H2),  but  at  these  temperatures  they  are 
probably  exothermic,  at  any  rate,  our  imperfect  knowledge  of  the 
heat  capacity  of  the  bodies  concerned  is  not  sufficient  to  enable  us  to 
affirm  that  they  are  not  so.  In  the  case  of  CO2  +  C  =  2C0,  the 
reaction  which  takes  place  at  GOO'^  is  no  doubt  endothermic  at  that 
temperature,  and  affords  one  of  the  simplest  illustrations  of  the 
satisfaction  of  affinity  producing  endothermic  results  i-iidirectly,  owing 
to  the  dissociation  of  the  reagent.  Thus,  at  600°  carbon  dioxide  is 
partially  dissociated,  that  is,  the  stable  condition  of  a  mass  of  that 
gas  is  xGOz  +  (1  —  a;) CO  -f  (1  —  x)^02,  and,  if  either  of  these  three 
substances  be  removed,  the  amount  of  dissociation  will  be  increased 
or  diminished  till  this  stable  condition  be  reproduced.  Carbon  being 
capable  of  combining  with  the  free  oxygen  at  this  temperature, 
evolving  28,000  cal.  in  so  doing,  removes  this  oxygen,  and  necessi- 
tates the  liberation  of  a  fresh  supply  by  the  further  dissociation  of  the 
dioxide,  and  so  on  till  this  latter  has  been  entirely  decomposed,  a 
decomposition  which  absorbs  68,000  cal.,  leaving  the  algebraic  sum 
of  the  actions  at  —40,000  cal.* 


*  Eeferring  to  this  action,  Eathke  states  that  he  considers  it  possible  that  the 
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No  real  difficulties  arise  till  we  come  to  consider  cases  in  wliich 
liquids  are  chiefly  concerned,  and  the  three  most  difficult  classes  of 
such  cases  are  the  following: — 

(1.)   The  endothermic  results  on  dissolving  solids  in  liquids. 

(2.)   The  endothermic  results  on  diluting  strong  solutions. 

(3.)  The  endothermic  results  attending  double  decomposition 
between  substances  in  solution. 

Neither  the  immediate  nor  the  mediate  source  of  the  absorption  of 
heat  which  occurs  when  many  salts  are  dissolved  in  water  (to  take 
a  concrete  instance  of  a  solid  and  solvent)  have  ever  been  elucidated. 
It  is  just  as  insufficient  to  say  that  it  is  due  to  the  fusion  of  the  solid 
as  to  say  that  this  is  a  physical  action,  and,  therefore,  requires  no 
explanation.  As  a  matter  of  fact,  the  heat  absorbed  cannot  possibly 
be  accounted  for  by  the  fusion  of  the  solid.  The  absorption  amounts 
in  many  cases  to  some  10,000  cal.  per  equivalent  of  salt,*  and  this 
represents  but  a  portion,  possibly  but  a  half,  of  the  total  value  of  the 
endothermic  action,  for  it  is  always  counterbalanced  to  a  greater  or 
less  extent  by  the  heat  evolved  in  the  formation  of  the  hydrates  of 
which  the  solution  is  composed. 

The  heat  of  fusion  of  very  few  salts  has  been  determined,  and  to 
calculate  its  heat  of  fusion  at  the  ordinary  temperatures  at  which  it 
is  dissolved,  it  is  necessary  to  know  not  only  its  heat  of  fusion  at  the 
temperature  at  which  fusion  naturally  occurs,  but  also  its  heat 
capacity  (specific  heat)  in  the  liquid  and  solid  state.  Potassium  and 
sodium  nitrates  are  the  only  anhydrous  salts  for  which  we  have  these 
data,  but,  judging  by  a  comparison  of  these  salts  with  other  bodies, 
their  heat  of  fusion  is  not  abnormally  small,  yet  it  amounts  to  only — 

-(5300  +  3849  =)  -1451  cal.  for  NaNOs  at  18°, 
-(4800  +  2G78  =)  -2122     „   for  KNO3 

quantities  wholly  insufficient  to  explain  tlie  heat  absorbed  in  the  dissolu- 
tion of  the  salts  at  18°,  which  is  — 5000  and  — 8543  cal.  respectively. 
Moi-eover,  we  have  a  still  more  fatal  objection  in  the  fact  that  the 
heat  absorbed  in  dissolving  a  salt  increases  rapidly  as  the  temperature 
is  lowered,t  whereas  the  heat  absorbed  in  its  fusion  diminishes  with  a 
fall  of  temperature. 

presence  of  the  second  reagent  may  of  itself  induce  dissociation  of  the  first  one. 
Tiiis  amounts  to  the  inadmissible  conception  of  the  satisfaction  of  affinity  producing 
directly  a  further  supply  of  affinity,  that  is,  an  endothermic  reaction  occurring  in 
which  affinity  is  the  only  agent.  The  whole  virtue  of  dissociation  in  producing 
endothermic  residts  consists  in  the  presence  of  a  third  body  (the  product  of  the 
dissociation)  capable  of  reacting  with  the  other  reagent ;  till  some  of  this  third 
body  is  present,  no  such  reaction  can  take  place. 

*  I  refer,  for  the  sake  of  simphcity,  to  anhydrous  salts  only. 

t  This  increase  cannot  be  due  to  a  diminution  of  heat  eTolred  in  the  forraation  of 

c  2 
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But  when  a  salt  is  dissolved  in  excess  of  water  it  becomes  far  more 
disintegrated  than  when  it  is  merely  fused.  When  fused,  the  mole- 
cules are  within  the  sphere  of  each  other's  attraction,  and  are  indeed, 
I  believe,  combined  to  form  molecular  aggregates,  but  this  cannot  be 
the  case  when  they  are  separated  from  each  other  by  several  hundred 
molecules  of  the  solvent ;  they  are  then  as  much  beyond  the  sphere 
of  each  other's  attraction  as  if  they  were  in  the  gaseous  condition ; 
indeed,  insisting,  as  I  think  we  must  do,  on  the  continuity  of  the 
liquid  and  gaseous  conditions, — a  continuity  which  has  so  often  been 
uro-ed  ao-ainst  the  hydrate  theory  of  solution,  but  which,  as  a  matter 
of  fact,  is  of  vital  importance  to  that  theory, — we  must  acknowledge 
that  the  condition  of  'a  substance  dissolved  in  excess  of  water  is 
identical  with  that  of  its  vapour  at  the  same  temperature,  and  to 
separate  the  molecules  from  each  other  to  the  same  extent,  whether 
the  condition  be  the  dissolved  or  the  ordinary  gaseous  condition,  must 
absorb  the  same  amount  of  heat.  Thus  we  have  not  only  the  heat  of 
fusion  of  the  solid,  but  also  its  heat  of  volatilisation  as  a  source  of 
absorption  of  heat,  and  the  sum  of  these  two  quantities  would  cer- 
tainly be  amply  sufficient  to  account  for  the  absorption  noticed  on 
dissolution,*  being,  in  those  cases  whei-e  data  are  known,  ten  or  twenty 
times  greater  than  the  heat  of  fusion  alone ;  and,  moreover,  it  is  a 
quantity  which  increases  as  the  temperature  falls,  precisely  what  is 
noticed  in  the  Tieat  absorbed  in  dissolution. 

Thus,  the  heat  of  fusion  of  Br2  is  — 380  cal.  at  18°,  and  diminishes 
by  4"8  cal.  for  every  fall  of  1°;  the  heat  of  volatilisation  is  — 7562 
cal.,  increasing  11'3  cal.  for  a  fall  of  1°. 

The  sum  of  these  two  is  —8032  cal.,  increasing  by  6'5  cal.  for  a 
fall  of  1°. 

In  the  case  of  water — 

Heat  of  fusion  at  18°  =  -(1580  +8-64(f  -  18)). 
Heat  of  volat.  at  18°  =  -(10798  -  12-05(^  -  18)). 
Sum  at  18° =  -(12378      -3-41(i  -  18)). 

Having  thus  traced  to  its  source  the  absorption  of  heat  which 
occurs  during  dissolution,  the  next  question  is,  what  forces  exist 
sufficient  to  bring  about  such  endothermic  results  ?  As  previously 
stated  they  must  be  due  to  the  dissociation  of  the  reagents, — the  salt 

the  hydrates  :  these  hydrates  are  less  dissociated  at  lower  than  at  higher  tempera- 
tures, and  the  heat  of  complete  formation  of  any  particular  hjdrate  is  probably 
influenced  but  very  little  by  temperature,  at  any  rate  this  is  so  with  the  formation 
of  solid  hydrates,  as  I  haye  shown  (J'rans.,  1887,  335). 

*  The  heat  of  volatilisation  in  such  a  case  would  be  580  cal.  less  than  it  is  wlien 
the  substance  is  vaporised  in  tlie  usual  way,  since  this  amount  of  heat  is  absorbed  in 
the  external  work  of  expansion  in  the  latter  case. 
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or  the  water.  Dissociation  of  the  salt  may  occur  to  a  certain  extent  in 
the  case  of  hydrated  salts,  but  it  is  scarcely  Avorth  enquiring  further 
into  its  influence,  since  it  will  not  help  us  to  explain  other  cases ;  it 
must,  therefore,  be  the  dissociation  of  the  water  which  acts  as  the 
primary  cause. 

On  views  winch  I  and  others  have  for  some  years  been  pressing",  all 
liquids  and  solids  must  be  regarded  as  consisting  of  compounds  or 
aggregates  of  the  fundamental  molecules,  these  aggregates,  just  like 
the  hydrates  in  a  solution,  being  more  or  less  dissociated,  and  being 
reduced  to  less  complex  ones  as  the  temperature  rises  ;  and  the  recog- 
nition of  these  aggi-egates  can  alone  give  a  satisfactory  explanation  of 
the  physical  properties  of  matter  in  its  three  conditions. 

Thus  :  in  true  gases  such  aggregates,  as  the  vapour-density  tells  us, 
do  not  exist,  and  from  gases  we  learn  that  the  heat  capacity  of  each 
atom  is  a  constant  quantity.*  With  solids  as  with  imperfect  gases, 
the  heat  capacity,  though  very  nearly  the  sum  of  the  atomic  heats,  is 
not  exactly  so,  and,  with  solids,  increases  slightly  with  the  tempera- 
ture ;  this  is  exactly  what  would  occur  if  the  solids  consisted  of  dis- 
sociating aggregates  :  tlie  heat  absorbed  by  the  dissociation  renders 
the  apparent  heat  capacity  greater  than  it  is  with  gases,  and  as  the 
aggregates  dissociating  become  less  complex,  and,  therefore,  more 
firmly  united,  as  the  temperature  is  higher,  more  heat  will  be  absorbed 
in  their  decomposition,  and  hence  the  apparent  heat  capacity  of  the 
solid  will  increase.  But  this  variation  in  the  heat  capacity  of  solids 
will  not  be  very  great,  since  the  stability  of  solid  particles  is 
unfavourable  to  dissociation ;  when,  however,  we  come  to  liquids, 
where  the  particles  are  less  restrained  in  their  motions,  dissociation 
will  take  place  to  a  much  greater  extent,  and  we  find,  as  a  consequence, 
that  the  heat  absorbed  in  this  dissociation  is  so  great  that  it  not  only 
renders  the  apparent  heat  capacity  of  a  liquid  much  greater  than 
that  of  the  cori-esponding  solid  or  gas,  but  that  it  makes  it  increase 
so  rapidly  with  a  rise  of  temperature,  and  produces  such  irregularities 
in  the  increase,  that  no  approach  to  any  so-called  law  can  be  observed 
here.  As  the  boiling  point  is  approached,  the  absorption  of  heat 
generally  becomes  much  greater,  and,  under  ordinary  atmospheric 
conditions,  an  almost  sudden  absorption  (heat  of  vaporisation)  occurs 
at  this  point  when  the  simplest  possible  aggregates  are  resolved  into 
their  fundamental  molecules.  The  irregularities  observed  in  the 
expansion  and  other  physical  properties  of  many  liquids  can  also  be 
explained  only  on  the  supposition  of  a  discontinuous  action,  which  is 
wholly  inconsistent  with  the  idea  of  the  fundamental  molecule  being 

*  But  not  the  same  in  the  two  cases.  With  gases  2*4,  and  with  solids  6"4,  is  the 
heal  capacity  of  each  atom. 
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the  acting  unit  of  a  liquid*  The  continuity  of  tlie  liquid  and  gaseous 
conditions  is  strictly  adhered  to  according  to  this  view,  and  the  heat 
of  volatilisation  of  a  liquid  at  any  temperature  (less  the  heat  absorbed 
in  producing  the  expansion)  is  simply  the  heat  of  decomposition  of 
the  liquid  aggregates  existing  at  that  temperature  into  the  funda- 
mental molecules. 

Every  physical  fact  relative  to  water  tends  to  show  that  its  compo- 
sition in  the  liquid  condition  is  pre-eminently  complex,  and  its  heat  of 
volatilisation  tells  us  that  at  IB""  (for  instance)  the  heat  of  formation 
of  the  water  aggregates  is  as  much  as  10,000  cal.,  approximately. f 

It  is  argued  that  the  .so-called  determinations  of  the  molecular 
weio-hts  of  solids  and  liquids  by  measuring  the  extent  to  which  they 
lower  the  freezing  point  of  some  solvent  (Raoult's  method),  proves  that 
these  molecular  weights  are  of  a  very  simple  character.  But  these 
results,  which  are  inconsistent  with  so  many  other  facts,  receive  an 
easy  explanation  on  my  views  as  to  the  nature  of  dissolved  substances. 
Raoult's  method  applies  only  to  dilute  solutions,  and  in  these  dilute 
solutions  the  substance  is  really  in  the  gaseous  condition,  and  Ave  are 
determining  the  molecular  weight  not  of  the  solid  or  liquid  but  of 
the  gas. I 

Now  according  to  the  kinetic  theory  of  gases,  which  in  this  respect 
applies  equally  to  all  fluids,  a  mass  of  water  consisting  of  aggregates 
having  the  average  composition  of  ajHoO  at  a  temperature  of  18°,  is 
made  in  reality  of  aggregates  some  at  a  temperature  above  18°,  some 
at  a  temperature  below  18°  ;  those  aggregates  which  are  at  the  higher 
temperature  will  be  dissociated  into  less  complex  aggregates  than 

*  All  that  is  said  of  the  heat  capacity  may,  indeed,  be  said  of  the  expansion  of 
substances.  Perfect  gases,  where  no  dissociation  occurs,  expand  regularly  ;  in  dis- 
sociating gases  the  expansion  increases  rapidly  ;  in  solids,  where  but  little  dissocia- 
tion is  possible,  the  expansion  is  comparatively  constant,  whereas  in  liquids,  where 
dissociation  may  occur  to  a  large  extent,  the  expansion  increases  rapidly,  and  often 
irregularly.  It  may  be  suggested  tliat  the  peculiarities  in  the  expansiou  are  the 
causes  of  those  in  tbe  heat  capacity,  but  this  still  leaves  us  with  the  equally  difficult 
problem  of  explaining  the  former.  It  is  far  more  probable  that  they  are  both  con- 
sequences of  dissociation. 

+  Taking  the  mean  heat  capacity  of  18  grams  of  water  between  18°  and  100"  as 
18"1,  and  that  of  steam  at  constant  volume  as  6'65,  and  the  heat  of  volatilisation  of 
18  grams  of  water  at  100°  as  9650  cal.,  we  get  [9650  +  82(18-1  -  6-65)=] 
10,589  cal.,  as  the  heat  of  volatilisation  at  18°,  of  which  580  cal.  are  absorbed  in 
producing  the  accompanying  expansion.  The  correctness  of  this  value,  however,  is 
doubtful,  as  the  heat  capacity  of  steam  below  130°  has  not  been  determined  ;  but  an 
error  of  even  several  thousand  calories  would  not  affect  the  present  argument. 

X  Eamsay  (Trans.,  1888,  C23)  found  the  method  applicable  to  nitrogen  tetroxide 
when  dissolved  in  only  18  mols.  of  acetic  acid  ;  but  in  this  case  the  vaporisation 
of  the  tetroxide  due  to  its  dilution  would  be  materially  increased  by  the  tem- 
perature of  the  determination  being  only  10°  below  its  nor.Tial  boiling  point. 
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a-HoO,  say,  ?)tHoO,  mjiHjO,  &c.,  wliereas  those  at  the  lower  temperature 
will  be  more  complex,  say,  zHoO,  CiHjO  ;  at  this  particular  temperature, 
therefore,  the  stable  condition  of  a  mass  of  water  is  such  that  there  is 
a  certain  number  of  x,  m,  and  zHoO  aggregates  present,  and  if  any  of 
these  be  removed  from  the  sphere  of  action,  more  dissociation  or  com- 
bination will  take  place  till  this  stable  condition  be  restored. 

In  fact,  the  water  at  this  temperature  is  continually  giving  off 
fundamental  molecules  (that  is,  has  a  vapour-tension),  a  certain 
number  of  these  fundamental  molecules  must  be  pi-esent  in  the  moss 
of  the  water,  and  these  molecules  possess  a  potential  energy  equivalent 
to  10,000  cal.  greater  than  that  of  the  average  particles  constituting 
this  mass,  and  these  particles  will  be  able  to  effect  a  combination  with 
evolution  of  heat,  which  in  the  case  of  the  average  particles  would 
involve  the  absorption  of  some  10,000  cal.,  and,  therefore,  be  impossible. 

One  fundamental  water  molecule  coming  in  contact  with  a  salt 
molecule  would  thus  be  capable  of  combining  with  it  if  the  heat  of 
volatilisation  of  the  salt  molecules  was  not  greater  than  10,000  cal. : 
the  simultaneous  amval  of  two  such  water  molecules  would  combine 
with  the  salt  if  its  heat  of  volatilisation  were  double  this  quantity ; 
but  it  is  not  neces.sary  even  to  have  recourse  to  this  simultaneous 
arrival  even  in  such  cases,  for  the  combination  of  the  salt  molecule 
with  one  molecule  of  water  only  would  not  remove  the  former  entirely 
from  the  sphere  of  attraction  of  its  fellows,  it  would  not  be  completely 
volatilised,  and  would  not  require  to  be  supplied  with  as  much  as  its 
full  heat  of  volatilisation. 

The  free  water  molecules  being  thus  removed  by  their  combination 
with  the  salt  from  the  sphere  of  action,  other  water  aggregates  must, 
according  to  the  laws  of  dissociation,  split  up  to  supply  the  vacancies, 
and  this  action  is  accompanied  by  an  absorption  of  —  10,000  for  every 
18  grams  thus  dissociated.  But,  if  this  absorption  of  heat  were  not 
subsequently  counterbalanced,  we  should  have  proved  far  too  much. 
In  the  cases  which  have  been  investigated,  it  has  been  found  that  each 
salt  molecule  combines  ultimately  with  over  IOOH2O ;  the  heat 
absorbed  in  liberating  this  lOOH.O  would  be  1,000,000  cal.,  not  to 
mention  the  heat  absorbed  in  the  volatili.sation  of  the  salt,  and  it  is 
quite  impossible  to  imagine  that  the  heat  of  combination  of  the  water 
and  salt  molecules  is  so  great  as  to  nearly,  and  often  indeed,  more 
than  counterbalance  such  an  absorption.*  But  here  the  teaching  of 
the  heat  of  neutralisation  comes  to  our  aid  ;  we  learn  from  it,  as  I 
have  shown  (Trans.,  1888,  872),  that  the  affinity  w-hich  binds  the  dis- 
solved molecules  to  those  of  the  solvent  does  not  affect  that  by  w^hich 

*  The  heat  developed  in  the  mere  combination  of  each  water  molecule  with  a 
salt  molecule  is  probably  between  200  and  5000  cal. 
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the  solvent  molecules  are  united  with  each  other;  in  dilute  solutions, 
the  water  molecules  are  just  as  much  combined  with  each  other  as 
they  are  in  a  mass  of  pure  water,  the  hydrates  present  are  compounds 
of  the  salt  with  the  aggregates  or  polymers  of  H2O  ;  and  thus  when  a 
solid  is  dissolving,  as  the  proportion  of  the  water  molecules  in  the 
hydrate  increases,  these  then  recombine  with  each  other,  and  in  doing 
so  will,  of  course,  evolve  the  same  amount  of  heat  that  their  produc- 
tion from  the  water  aggregates  absorbed.  The  net  results  obtained, 
therefore,  when  dissolution  is  complete,  will  simply  be  the  algebraic 
sum  of  two  quantities  :  (1)  the  heat  evolved  in  the  combination  of  the 
salt  and  water  molecules,  (2)  the  heat  absorbed  in  volatilising  the  salt 
molecule;  and  according  as  the  former  or  latter  of  these  is  the  greater 
so  will  the  heat  of  dissolution  be  positive  or  negative  ;  but  the  motive 
power,  if  I  may  use  such  a  term,  which  produces  these  results  is  the 
energy  contained  in  the  free  water  molecules. 

When  a  salt  is  dissolved  by  admixture  with  ice,  the  heat  absorbed 
is  greater  by  the  heat  of  fusion  of  the  ice  than  in  the  case  of  water, 
but  the  same  explanation  will  be  sufficient  in  this  case  also.  Ice  near 
its  melting  point  is  certainly  in  a  state  of  incipieat  fusion  ;  and  some 
of  the  particles  of  liquid  water  present  in  it  are  certainly  dissociated, 
even  as  far  as  the  fundamental  molecules,  as  is  proved  by  the  con- 
siderable vapour-pressure  of  ice  at  this  temperature.  We,  therefore, 
have  the  same  motive  power  as  in  the  case  of  water.  It  may  be 
predicted,  however,  that  no  such  action  would  occur  if  the  ice  were 
perfectly  dry,  as  it  is  at  a  temperature  some  degrees  below  zero,  and 
it  is  certain  that  no  such  action  could  take  place  if  the  temperature 
were  below  that  of  the  formation  of  the  so-called  cryohydrate. 

The  endothermic  results  noticed  in  many  cases  when  strong  solutions 
are  diluted  are  but  the  extension  of  the  action  primarily  occurring 
when  the  salt  is  dissolved.  As  the  dilution  is  increased,  the  hydrates 
become  higher  and  less  dissociated,  evolving  heat,  while  the  salt 
becomes  more  entirely  volatilised,  absorbing  heat,  and  the  sign  of  the 
thermal  change  depends  on  the  relative  value  of  these  two  actions. 
Some  years  ago  {Chem.  Neius,  54,  217)  I  was  led  to  believe  in  the 
existence  of  two  such  opposite  actions,  from  the  mere  study  of  the 
curves  representing  the  heat  of  dilution  as  given  by  Thomsen. 

Another  endothermic  reaction  also  undoubtedly  occurs  in  many 
cases — the  dissociation  of  a  salt  into  its  free  acid  and  base.  This,  I 
think,  is  a  purely  mechanical  action,  operating  in  the  following 
manner.  The  salt  in  question,  when  liquid,  is  somewhat  unstable 
and  partially  dissociated  at  the  existing  temperature,  even  when  no 
water  at  all  is  present,  and  the  extent  of  this  is  limited  by  the 
chances  which  occur  of  the  dissociated  components  meeting  each  other 
when  in  a  suitable  condition  and  recombining,  and  these  chances  of 
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meeting  are  diminished  a  hundredfold  when  we  increase  a  liundrcd 
times  the  space  over  which  the  substance  extends  by  dihiting  it. 
The  amount  of  dissociation  occurring  would  thus  be  directly  pro- 
portional to  the  volume  of  the  liquid,  and  Thomseu's  results  with 
acid  sulphates  (Thermochem.,  3,  Plate  VI)  tend  to  support  this  view.* 
On  such  a  view,  dilution  could  never  start,  but  only  increase  disso- 
ciation, and  wo  have  no  grounds  for  supposing  it  to  be  otherwise. 

The  third  important  class  of  enthodermic  reactions  to  be  explained 
is  that  in  which  double  decomposition  occurs  between  two  dissolved 
substances.  Double  decomposition  between  two  salts  presents  us 
with  an  instance  of  most  frequent  occurrence,  and  to  investigate  this 
we  may  go  to  the  root  of  the  matter  by  ascertaining  how  and  on  what 
principles  a  base  divides  itself  between  excess  of  two  different  acids. 

According  to  the  deduction  drawn  above  from  theoretical  considera- 
tions, the  acid  which  evolves  the  most  heat  on  neutralisation  will  take 
the  Avhole  of  the  base,  and,  consequently,  if  both  acids  have  the  same 
heat  of  neutralisation,  as  is  generally  the  case  when  excess  of  water 
is  present,  they  will  each  take  the  same  amount  of  the  base,  this  i-e- 
f erring  only  to  cases  where  the  salts  formed  are  stable  and  remain  in 
solution,  and  it  being  assumed,  of  course,  that  the  acids  are  present 
in  equivalent  pj'oportions.  When  the  acids  are  not  present  in 
equivalent  proportions  the  base  will  divide  itself  between  them  in 
proportion  to  the  number  of  equivalents  of  each  present ;  the  division 
being  regulated  simply  by  the  chances  of  impact. 

This  is  nothing  but  the  law  enunciated  by  Bcrthollet  in  1803,  and 
discarded  at  the  present  time  as  being  altogether  insufficient.  But 
I  think  that  it  will  yet  be  found  sufficient  while  the  more  elaborate 
theories  of  recent  days  will  fail. 

In  cases  where  one  of  the  salts  formed  is  partially  dissociated, 
the  stable  salt  will  be  formed  to  the  exclusion  of  the  dissociated 
one  when  the  solvent  water  is  very  large ;  but  if  the  water  is 
not  in  large  excess  there  will  be  a  limit  to  the  dissociation  and 
some  of  the  less  stable  salt  v/ill  be  formed.  For,  the  salt  being 
dissociated,  means  that  at  the  given  temperature  its  condition 
of  stability  is  xAB  +  (1  — aj)(A  +  B),  (A  and  B  being  the  acid  and 
base  which  form  it)  ;  the  free  base  B  coming  in  contact  with  and  com- 
bining with  the  stronger  acid.  A',  is  thus  removed  from  the  sphere  of 
action,  and  more  of  the  salt  AB  dissociates  to  give  a  further  supply 

*  There  are  of  course  other  actions  occurring  besides  the  dissociation  of  the  salt 
as  the  dilution  proceeds ;  we  should  not  therefore  expect  the  action  to  be  repre- 
sented by  a  straight  line,  but  by  lines  which  more  nearly  approach  straightness 
than  they  do  in  cases  where  these  other  actions  are  the  only  ones  occurring,  as  in 
the  case  of  diluting  stable  salts.  Such  are  the  characters  of  the  curves  in  the  two 
cases. 
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of  free  base,  and  this  action  must  continue  as  long  as  any  dissociation 
at  all  takes  place.  But,  the  proportion  of  the  free  weak  acid  present 
increasing,  a  point  will  be  reached  when  every  molecule  of  AB  will  find 
itself  within  the  sphere  of  action  of  so  many  molecules  of  this  acid,  that 
there  would  always  be  one  of  these  present  in  a  suitable  condition  to 
recombine  with  the  base  B  the  instant  it  dissociates  from  its  former 
acid  molecule.  Practically,  there  would  be  no  longer  any  dissociation 
under  these  circumstances.  By  separating  the  salt  AB  farther  from 
the  free  acid,  an  increase  in  the  proportion  of  water  present  would 
increase  the  limits  of  dissociation,  and,  therefore,  also  the  proportion 
of  stable  salt  formed.  It  is  obvious  also  that  this  latter  would  be 
increased  by  adding  more  of  the  stronger  acid,  and  diminished  by 
more  of  the  weaker  one. 

All  the  determinations  which  have  been  made  of  the  division  of 
base  between  two  acids  by  thermal  methods  depend  on  the  comparison 
of  the  action  of  an  acid  on  the  base  with  that  of  sulphuric  acid  on  the 
same  base.     The  latter  action  is  therefore  of  paramount  importance. 

Supposing  in  the  first  place  that  the  heat  of  neutralisation  of 
HoSOi  per  H  displaced  is  the  same  as  that  of  HCl  and  HNO3  (a 
sujjposition  which  I  shall  shortly  justify),  then  when  4NaOH  is  mixed 
with  4HC1  and  2H2SO4,  the  system  formed,  according  to  the  princi- 
ples of  division  of  the  base  which  I  have  laid  down,  would  be  2NaCl 
and  2HCI,  Na2S04  and  H2SO4, — an  equal  division.  But,  as  a  matter 
of  fact,  whatever  the  explanation  of  the  fact  may  be  (and  the  explana- 
tion will  be  given  below),  Na2S04  and  H2SO4  react  on  each  other 
and  form  the  acid  salt  2NaHS04,  thus  leaving  no  free  sulphuric  acid, 
and  an  alteration  in  the  division  of  the  base  would,  therefore,  become 
necessary  in  order  to  supply  the  place  of  the  free  sulphuric  acid  thus 
removed.  In  fact,  sulphuric  acid  acts  as  a  monobasic  acid  only,  in  this 
reaction,  and  consequently  we  should  compare  4HC1  with  4H2S04,  in 
which  case  the  base  would  divide  itself  equally  between  the  two 
acids,  whereas,  when  we  compare  4HC1  with  2H2SO4,  the  base  would 
divide  itself  in  the  proportion  of  two  equivalents  to  the  former  and 
one  to  the  latter. 

Now  these  theoretical  deductions  are  entirely  supported  by  the 
ascertained  facts  of  the  case.  HNO3,  HCl,  HBr,  and  HI,  acids  of 
which  the  heat  of  neutralisation  is  the  same,  and  which  form  stable 
salts,  divide  the  base  between  them  equally,  the  relative  numbers 
obtained  by  Thomsen  being  100,  100,  89,  and  79,  an|d  these  numbers 
are  certainly  as  nearly  equal  as  conld  be  expected,  seeing  that  Thorn- 
sen's  method  contains  many  obvious  sources  of  inaccuracy,  for  he 
regards  certain  small  quantities  as  being  negligible,  he  assumes  certain 
actions  to  be  represented  by  true  hyperbolge,  which  (judging  from  my 
results  on  the  heat  of  dilution)  they  are  not,  and  the  water  which  he 
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used  was  only  lOOHnO  per  each  equivalent,  a  quantity  far  too  small 
to  admit  of  the  thermal  results  of  dissolution  being-  complete.* 

With  |H.;SOa  and  -iHoSOi,  in  accoi-dance  with  my  deductions,  we 
find  that  one-third  only  of  the  base  is  taken,  the  numbers  found  being 
49  and  45  respectively, f  while  with  the  other  acids  investigated 
the  numbers  were  as  follows  : — 

Trichloracetic  acid 36 

Orthophosphoric  acid 25 

^  Oxalic  acid 24 

Monocliloracetic  acid 9 

Hydrofluoric  acid 5 

i  Tartaric  acid    5 

^  Citric  acid    5 

Acetic  acid 3 

■^  Boracic  acid  (  B0O3)     1 

■^  Silicic  acid 0 

Hydrocyanic  acid 0 

Of  these,  nil  except  phosphoric  and  oxalic  acid  form  salts  dissociated 
by  water,  J  and  hence,  in  accordance  again  with  my  deductions,  we  find 
that  they  take  either  none  of  the  base  or  but  a  small  proportion  of  it ; 
the  dissociation  of  the  trichloracetates  is  very  small  comparatively, 
and  hence  the  acid  gives  an  exceptionally  hig'h  value.  With  oxalic  acid, 
the  quadrantoxalate  is  probably  formed,  and  hence  2C2H2O4  instead 
of  ^C3H204  should  be  compared  with  HNO3,  in  which  case  the  value 
for  the  avidity  would  be  96,  that  is,  nearly  100,  as  with  other  strong 
acids.  With  phosphoric  acid  only,  the  results  seem  rather  anomalous, 
but  it  must  be  remembered  that,  in  addition  to  other  sources  of  uncer- 
tainty, these  numbers  were  not  obtained  by  direct  comparison  with 
nitric  acid,  but  with  sulphuric  acid,  where  the  results  may  be  compli- 
cated by  the  formation  of  acid  and  double  salts. 

Ostwald  {J.  pr.  Chem.  [2],  19,  473)  made  some  determinations  of  the 
so-called  "avidity"  of  acids  when  used  in  normal  and  decinormal 
solutions,  which  showed  that  with  the  weaker  acids  the  avidity  was 

*  For  objections  raised  on  other  grounds  see  Hagemann,  Einige  kritische 
Bermerkungen  zur  AviditdtsformeU.     Berlin,  1887. 

t  I.e.,  when  HNO3  and  iH.SO,  is  mixed  with  a-NaOH,  for  every  lOONaOH 
taken  bj  the  former  acid,  the  latter  takes  only  49,  or  one-third  of  the  whole. 

+  The  fluorides  are  certainly  dissociated  in  solution,  as  is  shown  by  their  alkaline 
reaction  and  their  action  on  glass.  The  abnormally  large  heat  of  neutralisation  of 
hydrofluoric  acid  is  probably  due  to  the  same  causes  as  those  which  I  hare  suggested 
(Trans.,  1885,  598)  to  meet  the  case  of  sulphuric  acid  :  this  would  involve  the 
recognition  of  the  acid  having  a  more  complicated  constitution  than  HF  many 
facts,  including  its  thermal  reactions,  render  this  very  probable. 
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far  greater  -wheu  dilute  than  when  strong.  These  results,  apparently 
in.  opposition  to  my  deductions  above,  are  easily  explained.  The 
comparison  was  made  by  determining  their  relative  action  on  calcium 
oxalate,  and  the  more  the  calcium  salt  formed  was  dissociated,  the 
more  acid  would  there  be  left  to  continue  the  action  on  the  oxalate. 
Directly  opposite  results  would  certainly  be  obtained  by  other 
methods. 

We  assumed  in  the  above  that  the  heat  of  neutralisation  of  sulphuric 
acid  was  the  same  per  H  atom  displaced  as  that  of  the  other  acids, 
namely,  13,800  cal.  As  a  matter  of  fact,  the  experimental  value  is 
2  X  1 0,690  cal.*  for  the  displacement  of  the  two  atoms  of  hydrogen  ; 
but,  as  we  have  seen,  in  this  case  the  two  atoms  of  hydrogen  are  not 
displaced,  but  only  the  first  one,  and  the  displacement  of  this  evolves 
only  14,754;  but  even  this  number  is  greater  than  it  should  be  under 
perfect  conditions,  for,  on  the  one  hand,  it  would  be  reduced  by  several 
hundred  cal.  if  the  dilution  were  infinite,  while,  on  the  other,  the  acid 
salt  formed  is  partially  decomposed  into  the  normal  salt  and  free  acid, 
a  decomposition  which  evolves  heat,  and  the  removal  of  these  two 
sources  of  evolution  of  heat  would  no  doubt  reduce  the  heat  of 
neutralisation  to  the  normal  13,800  cal. 

One  more  diflBculty  which  lies  at  the  root  of  the  matter  remains  to 
be  explained,  namely,  why  is  the  acid  sulphate  formed  in  preference 
to  the  normal  sulphate,  since  the  formation  of  the  latter  corresponds 
to  the  greater  evolution  of  heat  ?  Or,  in  other  words,  why  does  the 
normal  salt  combine  with  free  acid  to  produce  the  acid  sulphate  with 
absorption  of  heat  ? 

The  explanation  given  by  Berthelot  (II,  642)  is  not,  I  believe, 
far  from  the  truth.  He  points  out  that,  although  the  reaction 
between  the  sulphate  and  acid  in  weak  solutions  is  endothermic,  yet 
between  the  anhydrous  substances  it  would  be  accompanied  by  an 
evolution  of  heat.  But  it  is  not  necessary  to  go  back  so  far  as  the 
anhydrous  substances  to  find  an  exothermic  reaction,  and,  as  these 
anhydrous  substances  do  not  exist  in  the  solutions,  by  so  doing  we  do 
not,  in  my  opinion,  obtain  any  real  explanation.  The  reaction,  how- 
ever, will  be  exothermic  when  it  takes  place  between  the  sulphate 
and  any  of  the  lower  hydrates  of  the  acid,  some  molecules  of  which 
must  certainly  be  present,  owing  to  dissociation,  even  in  comparatively 
dQute  solutions.     Thus,  although  the  reaction — 

Na-,SO4200H2O  +  H2SO42OOH2O  =  2(NaHSOi200H2O) 

gives  —1870  cal.,  yet 

NaoSO4200H,O  +  HoSO^QHsO  =  2(NaHSO4l04-5H2O) 

*  The  number  refers  to  Hi;SO4,200H2O,  with  4OOH2O  it  would  be  about  300  cal. 
smaller. 
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gives  (-  1870  +  2150  -  150  =)•  +180  cal.,  and  with  still  lower 
hydrates  of  the  acid  and  of  the  normal  sulphate,  the  reaction  would 
become  rapidly  more  exothermic.  This  reaction,  being  known  to 
occur  when  the  substances  are  taken  in  this  degree  of  hydration, 
would  necessarily  occur  here,  and  the  removal  of  these  lower  hydrates 
of  sulphuric  acid  from  the  sphere  of  action  would  necessitate  a  fresh 
dissociation  of  the  higher  ones  to  supply  their  places  ;  hence  the 
absorption  of  heat  obsei-ved.  The  action  is  but  an  illusti'ation  of  the 
principles  here  enunciated, — a  possible  action  must  always  take  place 
if  it  develops  heat,  whatever  absorption  of  heat  its  occurrence  subse- 
quently involves,  owing  to  the  partial  dissociation  of  the  reagents. 

It  is  scarcely  necessary,  however,  to  point  out  that  this  reaction  is 
never  complete,  at  any  rate  in  weak  solutions,  for  it  is  limited  by  the 
reverse  action,  the  acid  sulphate  formed  being  dissociated  back  into 
free  acid  and  neutral  salt  by  the  action  of  excess  of  water.*  And  an 
increase  in  the  amount  of  water  present  will  not  only  increase  this 
reverse  action,  but  will  also  diminish  the  chances  of  the  combination 
of  the  acid  and  normal  salt  by  diminishing  the  proportion  of  the  lower 
hydrates  of  the  former  in  the  liquid. 

It  will  thus  be  seen  that  the  whole  notion  of  the  distribution  of  a 
base  between  two  acids  being  determined  by  certain  constants  peculiar 
to  the  acids  termed  their  "  affinity,"  or  "  avidity,"  becomes  unnecessary 
and  incorrect.  And  the  manner  in  which  this  distribution  occurs, 
instead  of  being  irreconcilable  with  the  results  of  the  heat  of 
neutralisation,  as  L.  Meyer  maintains,  is  determined  solely  by  it,  and 
the  known  laws  of  dissociation. 

It  is  indeed  incomprehensible  how  these  ideas  of  "avidity"  could 
have  been  accepted  almost  without  question,  as  has  been  the  case, 
unless  it  be  that  the  interesting  mathematical  exercise  relating  to 
afiBnity,  indulged  in  by  Guldberg  and  Waage  (^Etudes  sur  les  afjinites 
Chimique,  Christiania,  1867),  was  sufficient  (as  is  generally  the  case 
when  X  and  y  is  introduced  into  chemistry)  to  ensure  the  blind 
acceptance  of  that  which  common  sense  would  reject. 

What  can  be  the  meaning  of  an  acid  having  a  property  which  is  a 
"  constant,"  and  which  yet  varies  continuously  with  a  variation  in  the 
proportion  of  the  solvent  present. 

In  every  case  which  has  been  investigated,  the  water  has  a  most 
marked  influence  on  the  division  of  the  base.  Thus,  Thomsen's  results 
(I,  131),  which  he  interpreted  as  showing  that  the  water  has  no  in- 
fluence on  the  avidity,  give — 

*  This  reaction  would  be  exothermic  with  any  hydrate  of  the  acid  sulphate 
which  contains  sufficient  water  to  foi-m  on  dissociation  a  hydrate  of  the  acid  higher 
than  about  H2S04,9H20. 
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Avidity  of  H2SO4,  when  150  HoO  for  each  double 

equivalent  is  present =46 

When  200  HjO  is  present =49 

„      300  „  =52* 

-while  Berthelot,  who  combats  the  idea  of  this  "  avidity,"  gives  the 

following  values  for  the  reaction  of — 

^KoSOi  on  HNO3  in  total  of    2  Htres  of  water  -1810  cal. 

4  „  -1780    „ 

8  „  -1600    „ 

20  „  -1500    „ 

And    Ostwald   (loc,  sup.  cit.)  gives,   amongst   others,  the   following 

numbers  : — 

In  In 

Eeliitive  aridity  of  N  solution.        N/10  solution. 

Formic  acid 2-33  12-9 

Acetic  acid 1"05  7'35 

Monochloraeetic  acid 4*6  21'3 

Citric  acid 275  14-4 

Yet  these  numbers  have  been  accepted  as  being  constants  in  each 
case.f 

It  must  even  be  doubted  whether  the  concordance  between  the 
values  obtained  by  different  methods  is  sufficient  to  warrant  us  in  con- 
cluding that  the  numbers  obtained  really  represent  the  division  of  the 
base  which  has  taken  place  in  the  particular  solutions  investigated ; 
thus  the  values  for — 

Sulphuric    acid  vary  between  nearly  100*0  and  46"0 

Formic  acid  vary  between 12"9    ,,       2"6 

Acetic  acid  vary  between 7*4    „       1'2 

Monochloraeetic  acid  vary  between  . .      220    ,,       5'1 
Trichloracetic  acid  vary  between  ....      89"9    „     360 

Oxalic  acid  vary  between 43*0    „     22*6 

Isobutyric  acid  vary  between 5 "8    ,,       0"9 

Citric  acid  vary  between 14"4    „       3'1 

and  so  on ; 
numbers  which  no  one  who  was  not  bent  on  proving  a  pet  theory, 
*  If  the  proportion  of  water  was  sufficient  to  dissociate  all  the  acid  sulphate 
formed,  the  iH2S04  would  either  take  all  the  base  or  exactly  half  of  it,  according 
as  its  heat  of  neutralisation  (to  form  the  normal  salt)  in  this  state  of  dilution  still 
remained  greater  than  that  of  the  nitric  acid,  13,800  cal.,  or,  which  is  quite  possible, 
was  reduced  so  as  to  be  equal  to  it. 

t  Perhaps  I  am  somewhat  unfair  in  my  criticism  of  Ostwald's  opinions  :  he  cer- 
tainly admits  that  the  water  present,  as  well  as  the  temperature,  influence  the 
values  for  the  affinity  to  a  very  great  extent ;  but,  on  the  other  hand,  the  whole 
idea  of  the  existence  of  such  a  thing  as  a  constant  of  affinity  is  dependent  on  its 
non- variation. 
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irrespective  of  fact,  would  ever  have  regarded  as  being  identical  in 
the  respective  cases.* 

When  a  base  (NaOH)  is  mixed  with  two  acids  (HCl  and  HBr),  of 
which  tlie  heat  of  neutralisation  is  the  same,  the  enormous  number  of 
molecules  actually  taken  in  any  experiment  is  sufficient  reason  for 
practically  equiv-alent  amounts  of  the  two  salts  (NaCl  and  NaBr) 
being  formed,  but  it  is  not  so  apparent  why  these  same  salts  should 
be  formed  in  equivalent  proportions,  as  we  know  they  are,  when  we 
mix  one  of  them  with  the  other  acid,  NaCl  with  HBr,  for  instance, 
unless  dissociation  occui'S  to  such  an  extent  that  the  fundamental 
molecules  themselves  are  broken  up  into  their  constituent  atoms, 
which  would  then  combine  with  the  other  atoms  of  opposite  character 
according  to  the  frequency  of  collision,  that  is,  in  equivalent  propor- 
tions. This  resolution  into  atoms  cannot,  I  think,  be  maintained,  but 
the  necessity  for  it  is  obviated  if  more  than  two  hydrates  of  each 
substance,  saturated  to  different  extents,  be  present.  For  the  lower 
and  less  saturated  hydrates  of  the  one  salt  might  react  with  the 
higher  hydrates  of  the  opposite  acid  so  as  to  produce  an  evolution  of 
heat,  while  the  same  would  occur  with  the  lower  hydrates  of  the  other 
salt  acting  on  the  first  acid,  and  thus  we  should  get  ever- occurring 
opposite  reactions,  admitting  of  the  known  interchange  of  radicles 
and  soon  resulting  in  a  condition  of  equilibrium. 

From  the  principle  that  the  sum  of  the  kinetic  and  potential 
energy  of  any  system  is  an  unalterable  quantity,  and  that  affinity  is 
energy,  it  follows  that  the  heat  evolved  in  any  reaction  is  the 
difference  between  the  total  energy  of  the  system  before  and  after 
the  reaction,  and  hence  it  seems  at  first  sight  that  we  should  be  able 
to  calculate  the  total  energy  in  any  substance,  and,  consequently,  the 
heat  evolved  in  any  reaction,  from  a  knowledge  of  the  heat  necessary 
to  raise  the  reagents  and  compound  from  the  absolute  zero  to  the 
temperature  of  the  reaction.  The  principle  of  this  method  is  indeed 
applicable  with  absolute  certainty  to  the  determination  of  the 
diference  in  the  heat  evolved  in  any  reaction  at  two  different  known 
temperatures  (Person's  principle,  the  non-application  of  which  would 
mean  that  enei-gy  could  be  created  and  destroyed,  see  Trans.,  1887, 
329),  but  it  fails  when  we  attempt  to  apply  it  to  any  determination 
of  the  actual  amounts  measured  by  extending  our  arguments  as  far 
as  the  absolute  zero,  for  the  following  reasons. 

*  The  most  reliable  thermal  method  (though  even  this  would  not  be  absolutely 
certain)  would  be  to  make  a  series  of  determinations  with  acids  neutralised  to 
different  extents  previously  with  the  base,  and  to  plot  out  the  results  in  a  diagram 
and  thus  find  the  proportional  neutralisation  requisite  to  form  solutions  which  on 
being  mixed  would  develop  no  heat.  Thomsen's  results  quoted  above  were 
deduced  from  some  determinations  of  this  kind  made  by  him. 
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(1.)  The  beat  capacity  of  substances  at  ordinary  temperatures 
affords  no  clue  as  to  Avbat  tbeir  beat  capacity  would  be  at  sucb  low- 
temperatures,  indeed  we  bave  good  reason  to  suppose  tbat  great,  and 
comparatively  sudden,  cbanges  would  be  experienced  in  tbis  heat 
capacity  before  tlie  absolute  zero  were  reacbed  (see  L.  Meyer,  87). 

(2.)  Because  we  do  not  know  wbere  tbis  absolute  zero  may  be 
situated:  tbe  generally  accepted  temperature  of  —273°  is  simply 
wbat  tbe  zero  would  be  if  a  gas  remained  a  gas,  and  contracted  regu- 
larly wben  cooled  to  tbis  point;  botb  of  wbicb  suppositions  we  know 
to  be  incorrect:  in  questions  on  tbermodynamics  —273°  gives  correct 
results,  simply  because  it  is  applied  only  to  cases  where  perfect  gases 
are  in  question,  and  its  use  is  simply  equivalent  to  tbe  statement 
tbat  gases  expand  ^-ya  of  tbe  volume  at  0"  C.  for  eacb  degree.* 

Person's  attempt  (Ann.  Chim.  Phys.,  21,  295  ;  27,  250)  to  find  tbe 
absolute  zero  from  otber  data  treated  in  a  precisely  similar  manner, 
led  to  discordant  results.  Assuming  tbat  ice  and  water  could  remain 
as  such  at  tbe  absolute  zero,  and  that  they  had  then  tbe  same  heat 
capacity  as  at  known  temperatures,  be  found  that  the  absolute  zero 
should  be  —160°  instead  of  —273°,  and  if  he  had  applied  his  principle 
(as  it  should  be  applicable  if  true)  to  the  case  of  water  and  steam,  he 
would  have  found  the  still  less  acceptable  result  +850°  C.f  for  bis 
absolute  zero.  It  is  useless  to  base  any  theory  on  the  supposition  of 
facts  being  otherwise  than  we  know  them  to  be. 

(3.)  Because  it  by  no  means  follows  that,  at  the  absolute  zero 
of  temperature,  potential  energy  of  affinity  as  well  as  kinetic 
energy  would  be  non-existent.  Facts,  indeed,  favour  the  contrary 
view.  Affinity  can  cease  to  exist  as  such,  that  is,  become  converted 
into  heat,  only  by  being  saturated  by  the  combination  of  the  sub- 
stances endowed  with  it.  No  such  saturation  can  take  place  on 
cooling  a  perfect  gas,  since  a  perfect  gas  is  a  substance  in  which  the 
fundamental  molecules  never  come  within  tbe  sphere  of  each  others 

*  The  confirmation  of  —  273°  bj  Joule's  evohition  of  Carnot's  function  {Scientific 
Papers,  ii,  290)  is  not  independent,  as  it  is  based  on  the  coefficient  of  exjiansion  of 
gases.  Eaoul  Pietet's  {Compt.  rend.,  88,855)  calculation  of  the  melting  points  of 
the  elements  based  on  —273°  being  the  absolute  zero,  gives  more  acceptable  confir- 
mation, but  it  depends  on  an  hypothesis  to  start  with,  and  the  variation  of  the 
constant  obtained  between  the  somewhat  wide  limits  of  4  and  5  would  allow  of 
considerable  latitude  in  the  zero  point  taken. 

t  The  absolute  zero  is,  according  to  Person's  argument,  the  temperature  at 
which  the  heat  of  fusion  of  ice  is  nil,  and  similarly  it  should  be  that  at  which  the 
heat  of  volatilisation  of  water  is  also  nil.  It  appears  to  me  that  this  latter  tem- 
perature must  be  identical  with  the  critical  temperature  of  the  liquid  in  question, 
but  to  calculate  it  properly  we  should  have  to  take  the  actual  (unknown)  heat 
capacities  at  these  temperatures,  and  not  those  at  other  lower  temperatures,  as  is 
the  case  above. 
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attraction  (in  proof  of  wliich  we  find  that,  wlien  perfect  gases  combine 
to  form  a  perfectly  gaseous  compound,  the  heat  of  their  combination 
at  constant  volume  is  the  same  at  all  temperatures)  :  with  solids, 
the  constancy  in  the  heat  given  out  in  cooling,  at  most  6"4  cal.  per 
atom,  shows  that  the  greater  part  of  this  is  in  all  probability  due 
to  the  fall  t)f  temperature  only,  and  that  very  little  of  it  is  due  to 
combination  ;  this  leaves  but  the  heat  evolved  iu  the  passage  (if  the 
substance  from  the  perfectly  gaseous  to  the  solid  condition,  less  that 
evolved  by  the  mere  fall  of  temperature,  to  account  for  the  total 
affinity  possessed  by  the  perfect  gas,  and  this  would  I  think  fall  far 
short  of  the  amount  of  affinity  known  to  be  possessed  by  many  gases, 
for  it  could  rarely  if  ever  amount  to  10,000  cal.  per  molecule.*  The 
heat  of  neutralisation  gives  us,  again,  much  information  on  this 
point,  for  it  shows  that  the  affinity  which  serves  to  unite  the  similar 
molecules  of  a  solvent  with  each  other,  and  which  could  alone  become 
satui*ated  by  a  fall  of  temperature,  is  not  the  only  free  affinity 
possessed  by  the  molecules,  for  it  is  independent  of  that  affinity 
owing  to  which  these  molecules  combine  with  those  of  a  salt  and 
effect  its  dissolution ;  in  other  words,  there  is  other  affinity  besides 
that  which  could  become  satisfied  by  cooling  the  liquid. 

For  these  reasons  the  so-called  absolute  zero  can  give  us  no  aid  in 
calculating  the  heat  evolved  in  a  chemical  reaction,  and  we  must  be 
content  to  wait  for  the  present  till  some  other  means  of  doing  so  be 
discovered. 


IV. — The  Isomeric  Sulplionic  Acids  of  [3-NaphtJiylamine. 

By  Arthur  G.  Green. 

By  the  sulphonation  of  /3-naphthylamine  under  different  conditions, 
four  isomeric  monosulphonic  acids  have  been  obtained  [a  (Badische), 
ft  (Bronner's),  7  (Dahl's),  and  c  (Bayer's)],  but  our  knowledge  con- 
cerning them  is  still  very  incomplete.  It  therefore  seemed  of  interest 
to  communicate  a  few  results  which  I  have  obtained  in  their  investi- 
gation. 

By  heating  /3-naphthylamine  with  3  to  3^  times  its  weight  of 
ordinary  sulphuric  acid,  at  100 — 105",  a  mixture  is  obtained  which 

*  With  Bro  it  is,  for  instance,  less  than  8000  cal.,  and  supposing  it  were  as  much 
as  this  with  Hj,  this  would  give  the  affinity  of  H^  +  Br,  as  16,000  only,  whereas 
we  know  they  combine  to  form  2HBr  with  an  evohition  of  17,000  cal.,  and  that 
this  compound  so  formed  is  far  from  being  saturated,  as  is  shown  by  its  heat  of 
dissolution. 
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consists,  according-  to  Dahl  (Germ.  Pat.,  No.  29084,  32271,  32276), of 
the  a-,  (3-,  and  7-acids  in  the  proportion  of  about  50  per  cent,  of  «,  10  per 
cent,  of  y3,  and  40  per  cent,  of  7.  These  can  be  separated  by  means  of 
the  difference  in  the  solubilities  of  the  sodium  salts  in  spirit  and  of  the 
barium  salts  in  water.  The  proportion  of  the  several  isomerides  varies 
greatly  with  the  temperature  at  which  the  reaction  takes  place ;  thus 
by  heating  the  above  melt  for  some  time  at  120°,  the  quantity  of  a-acid 
is  greatly  diminished,  whilst  that  of  the  /3-acid  is  increased.  On  the 
other  hand,  by  sulphonation  with  three  parts  of  fuming  sulphuric 
acid  (20  per  cent,  anhydride)  at  70 — 80°  for  a  short  time,  about  70 
per  cent,  of  the  7-  and  30  per  cent,  of  the  a-acid  is  formed,  but  scarcely 
any  of  the  /3-acid.  A  similar  mixture  is  obtained  (Dahl,  Germ.  Pat., 
No.  32276)  by  agitating  |S-naphthylamine  sulphate  with  ordinary 
sulphuric  acid  for  two  or  three  days  at  a  temperature  of  15 — 20°. 
By  heating  /3-naphthylamine  hydric  sulphate  at  200 — 210°,  a  product 
is  obtained  which  consists  chiefly  of  the  (3-acid  (Liebmann,  Monit.  Sci., 
1885,  1043).  By  heating  /3-naphthylamine  sulphate  (1  part)  with 
3  parts  of  ordinary  sulphuric  acid  at  160 — 170°,  for  one  hour,  a  mixture 
of  about  equal  quantities  of  the  /3-  and  ^-acids  is  formed  (Bayer  and 
Dnisberg,  Ber.,  20,  1426;  C.  Schultz,  £er.,  20,  1358).  The  ^-acid 
is  also  obtained  from  a-naphthalenedisulphonic  acid  by  heating  it 
under  pressure  at  250°  with  aqueous  sodium  hydrate,  and  then  with 
ammonium  chloride  (A.  Weinberg,  Ber.,  20,  2906,  3353). 

The /3-naj)hthylamine-/3-sulphonic  acid  is  obtained  from /3-naphthol- 
/3-sulphonic  acid  (Schaeffer's  acid)  by  heating  with  ammonia  under 
pressure  (Farbfabrik,  vorm.  Bi'onner,  Germ.  Pat.,  No.  22547). 

The  constitution  of  these  four  acids  is  probably  represented  by  the 
formulae — 


SO3H 


HO,S!, 


\  NH., 


In  these  formulEe,  it  will  be  seen  that  the  x-  and  7-acids  contain  the 
HSO3  group  in  an  a-position,  whilst  in  the  /S-  and  c-acids  the  HSO3 
group  is  in  the  /3-position. 

This  explains  the  influence  of  temperature  on  the  foi'mation  of  the 
several  acids,  for,  like  the  «-  and  /3-sulphonic  acids  of  naphthalene, 
the  acids  with  the  HSO3  group  in  the  «-position  (the  a-  and  7-acids) 
are  formed  at  low  temperatures,  whilst  those  with  the  HSO3  group  in 
the  /3-position  (the  ji-  and  c-acids)  are  formed  at  higher  temperatures. 
Also,  just  as  a-naphthalenesulphonic  acid  is  converted  into  /3-naph- 
thalenesnlphonic  acid  by  heating  with  H2SO4  to  a  higher  temperature, 
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so  each  of  the  a-aeids  of  /:}-naphthylamine  (the  a-  or  7-acid)  is 
converted  into  a  mixture  of  the  two  /i-acids  (the  {3-  and  o-acids)  bj 
the  same  treatment. 


Products  of  the  Sulplwnaiion  of  (3-NaphtJiylamine  at  100 — 105°. 

/3-Naphthylamine  was  heated  for  five  or  six  hours  with  8 — 3^ 
times  its  weight  of  ordinary  concentrated  sulj^lniric  acid  at  a  tem- 
perature of  100 — 105°;  the  molt  was  poured  into  w^ater,  and  the  pre- 
cipitate washed,  pressed,  and  dried.  For  the  separation  of  the  isomeric 
acids,  the  method  given  in  Dahl  and  Go's,  patent  was  employed,  and 
found  to  serve  very  satisfactorily.  The  acids  were  converted  into  the 
sodium  salts,  and  boiled  for  an  hour  with  six  or  seven  times  their 
weight  of  'JO  per  cent,  spirit.  The  insoluble  residue,  after  pressing 
and  a  final  extraction,  is  the  pure  sodium  salt  of  the  a-acid.  From 
the  sodium  salt,  the  pure  a-acid  was  obtained,  well  crystallised  in  the 
form  of  prismatic  tables.  For  this  purpose,  it  was  dissolved  in  boiling 
water,  some  ammonia  added,  and  then  acetic  acid  just  short  of  pre- 
cipitation ;  on  cooling,  the  acid  crystallises  out.  Precipitation  with 
acetic  acid  from  an  ammoniacal  solution  was  found  to  be  a  very  con- 
venient way  of  obtaining  all  these  isomeric  acids  in  a  well-crystallised 
form.  From  the  alcoholic  filti-ate  containing  the  /i-  and  7-acids  the 
spirit  was  distilled  off,  the  residue  dissolved  in  water,  and  precipitated 
with  hydrochloric  acid.  The  precipitated  sulphonic  acids  were 
neutralised  with  barium  hydrate  and  left  to  crystallise.  A  sparingly 
soluble  barium  salt  crystallised  out,  Avhilstthe  mother-liquor  contained 
the  easily  soluble  barium  salt  of  the  7-acid.  From  this,  the  7-acid  was 
set  free  by  hydrochloric  acid  and  obtained  pure  in  the  form  of  small 
plates  by  precipitation  with  acetic  acid. 

The  sparingly  soluble  barium  salt  was  purified  by  recrystallisation 
from  water.  According  to  Dahl,  i>t  consists  of  the  salt  of  the  yS-acid 
only,  but  my  experiments  prove  that  it  is  a  mixture  of  about  equal 
parts  of  the  /i-  and  o-acids.  By  repeated  fractional  crystallisations 
from  hot  water,  the  two  acids  were  separated.  The  more  soluble  one 
was  found  to  be  identical  in  appearance,  properties,  and  in  its  sodium 
and  ammonium  salts  with  the  c-acid  obtained  by  Bayer's  method  of 
sulphonating  at  170°.  The  o-acid  was  also  obtained  from  the  sodium 
last  which  crystallised  out  on  cooling  the  hot  alcoholic  solution  of  the 
mixed  sodium  salts  (see  above).  This,  according  to  Dahl,  is  the 
sodium  salt  of  the  y3-acid,  but  from  my  experiments  it  appears  to 
consist  almost  entirely  of  the  salt  of  the  c-acid.  The  presence  of  the 
3-acid  as  well  as  the  /3-acid  amongst  the  products  of  the  sulphonation 
at  100°  might  certainly  be  expected,  since,  as  has  already  been  men- 
tioned, both    the    a-  and    7-acids,  which   are    piobably  the   primary 
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products,  are  converted  into  mixtures  of  /3-  and  ^-acids  on  further 
beating  with  sulphuric  acid. 

The  pi'oportion  in  which  the  four  isomerides  are  formed  at  10U° 
may  be  roughly  estimated  as  about  50  per  cent,  of  a,  40  per  cent,  of  7, 
5  per  cent,  of  /3,  and  5  per  cent,  of  0. 

Properties  of  the  four  Isomeric  Acids. 

In  tbe  formulfe  given  above,  it  will  be  seen  that  the  a-acid  differs 
greatly  from  the  fS-,  7-,  and  ^-acids  in  being  a  homonucleal  compound, 
whilst  the  other  thi"ee  are  heteronucleal.  This  is  fully  borne  out  in 
their  properties.  Thus  the  a-acid  is  the  only  one  whose  sodium  salt 
is  insoluble  in  spirit.  Tbe  azo-compounds  also  show  characteristic 
differences.  For  instance,  the  scarlets  obtained  by  combining  the 
diazotised  acids  with  y3-naphthol  are  very  similar  in  shade,  and  readily 
soluble  in  water,  whether  the  /3-,  7-,  or  c-acid  is  employed,  but  that 
from  the  «-acid  is  almost  insoluble.  Again,  by  combining  diazotised 
primuline  or  benzidine  with  either  the  (3-,  7-,  or  ^-acids,  scarlets  of 
almost  the  same  shade  are  obtained,  but  the  a-acid  gives  an  orange. 
By  diazotising,  and  boiling  with  dilute  sulphuric  acid,  the  a-acid  was 
converted  into  the  corresponding  a-sulphonic  acid  of  jS-naphthol 
(Bayer's),  whose  sodium  salt  was  soluble  in  alcohol,  and  crystallised 
from  it  in  silky  plates,  exceedingly  soluble  in  water.  It  is  to  be 
observed  that  the  naphthylaminesulphonic  acid,  insoluble  in  spirit, 
corresponds  to  the  naphtholsnlphonic  acid  soluble  in  spirit. 

The  ammonium  salts  of  the  four  acids  are  very  characteristic.  The 
ammonium  salt  of  the  a-acid  forms  very  soluble,  large,  solid  prisms ; 
that  of  the  7-acid  exceedingly  soluble  tables  ;  the  6- salt  tolerably 
soluble,  small  plates  ;  whilst  the  yS-salt,  which  is  the  least  soluble  of 
all,  crystallises  in  beautiful,  large,  thin  plates,  often  1  or  2  inches 
long,  and  having  a  violet  fluorescence.  The  ammonium  salt  of  the 
/3-acid  serves  very  conveniently  for  its  identification,  and  separation 
from  the  ^-acid.  The  sodium  salt  of  the  /3-acid  crystallises  in 
flat  needles,  which  when  air-dried,  contain  2H2O  (as  given  by 
Forsling,  Ber.,  20,  77).  The  sodium  salt  of  the  c-acid  crystallises 
in  plates  (according  to  Bayer,  in  needles).  In  regard  to  the 
crystalline  forms  of  the  free  acids,  it  has  already  been  mentioned 
that  the  a-acid  crystallises  in  large  tables,  the  7-acid  in  plates. 
The  c-acid,  from  whatever  source  it  was  obtained,  always  formed 
very  fine,  voluminous  needles  (as  stated  by  Bayer  and  others).  When 
quite  free  from  acid,  it  is  tolerably  soluble  in  water.  Since  the  occur- 
rence of  the  c-acid  together  with  the  /3-acid  (whether  obtained  by 
sulphonation  at  100°  or  from  the  sulphonic  acid  of  /3-naphthol)  has 
hitherto  not  been  suspected,  it  appears  probable  that  the  /S-acid  has 
scarcely  ever  been  obtained  quite  pure.     That  this  is  indeed  the  case 
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seems  to  be  shown  by  the  fact  that  the  yS-acid  is  always  described  as 
crystallising'  in  lustrous  plates  (which  are  even  regarded  as  very 
characteristic),  whereas  I  found  that  when  obtained  from  the  pure 
ammonium  salt  it  invariably  crystallises  in  compact  prismatic  needles. 
In  order  to  prove  that  this  difference  of  crystalline  form  is  due  to  a 
trace  of  <5-acid,  a  small  quantity  of  ^-acid  was  added  to  an  alkaline 
solution  of  pure  /3-acid  (needles) :  on  precipitating  from  the  hot 
solution  with  an  acid,  the  whole  then  came  out  in  silky  plates. 

iS-NapJithylaminesulphonic  Acids  from  ^-NLiphtholsulphonic  Acids. 

It  is  usually  considered  that  two  monosulphonic  acids  only  are 
formed  by  sulphonating  y3-naphthol  under  varying  conditions,  viz., 
Bayer's  acid  and  Schaffer's  acid ;  the  former  being  the  chief  product 
at  a  low  temperature,  the  latter  at  a  high  temperature.  Considering 
the  analogous  reactions  of  hydroxy-  and  amido-compounds,  it  seemed 
to  me  probable  that,  corresponding  to  the  behaviour  of  /S-uaphthyl- 
amine,  /i-naphthol  should  give  on  sulphonation  at  a  low  temperature, 
a  mixture  of  two  a-sulphonic  acids  (a  and  7)  which,  by  heating  to  a 
higher  temperature,  would  be  converted  into  two  /3-sulphonic  acids 
(/3  and  I).  The  diiferent  behaviour  of  Schaffev's  acid,  so  called  when 
obtained  under  different  conditions,  sti'engthened  this  assumption, 
and  led  me  to  attempt  to  prove  the  presence  of  another  acid  associ- 
ated with  the  |3-acid.  The  product  taken  for  investigation  was  the 
/3-naphtholsulphonic  acid,  obtained  according  to  Armstrong's  method, 
by  heating  molecular  proportions  of  /iJ-naphthol  and  100  per  cent, 
sulphuric  acid  at  100°.  The  sulphonic  acid  so  obtained  is  u.'^ually 
assumed  to  be  identical  with  Schaffer's  acid.  As  the  separation  of  the 
/3-naphtholsulphonic  acids  is  very  difficult,  whereas  that  of  the  /3-naph- 
thylaminesulphonic  acids  is  comparatively  easy,  the  method  which 
was  employed  consisted  in  converting  the  uaphtholsulphonic  a';ids 
into  naphthylamiuesulphonic  acids  by  treatment  with  ammonia,  and 
separating  these.  100  grams  of  /:J-naphthol  was  heated  with 
70  grams  of  100  per  cent.  H,S04  for  2  or  3  hours  at  100—105°  till 
the  reaction  was  complete,  when  the  melt  solidified  to  a  hard  mass  of 
the  sulphonic  acids.  This  was  dissolved  in  water,  neutralised  with 
sodinm  carbonate  (filtering  from  a  little  tar  which  remains  insoluble) 
and  the  sodium  salt  precipitated  with  sodium  chloride.  Or  else  the 
hot  solution  was  neutralised  with  ammonia,  when  the  sparingly  solu- 
ble salt  crystallised  out  on  cooling.  The  yield  of  the  ammonium  salt 
is  about  110  grams.  The  conversion  into  /3-naphthylaminesulphonic 
acid  was  perfoi-med  by  heating  -with  aqueous  ammonia  under  pressure 
at  250 — 280°,  or  bypassing  dry  gaseous  ammonia  over  the  dry  sodium 
salt  heated  to  about  280 — 290^.     The  product  was  precipitated  with 
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sulphuric  acid  and  submitted  to  a  careful  series  of  fractional  preci- 
pitations, and  crystallisations  of  the  ammonium  salt.  By  this  means 
pure  /3-  and  5-sulphonic  acids  were  isolated  from  it,  and  had  all  the 
properties  previously  described.  The  /3-acid  crystallised  in  prismatic 
needles,  its  ammonium  salt  in  large,  thin  plates,  and  its  sodium  salt  in 
flat  needles.  The  c-acid  crystallised  in  very  fine  matted  needles,  its 
ammonium  salt  in  small  plates,  and  its  sodium  salt  in  small  plates. 
It  is  thus  proved  that  the  yS-naphtholsulphonic  acid,  obtained  by 
Armstrong's  method,  is  a  mixture  of  the  j3-  and  ^-sulphonic  acids, 
whose  constitution  is  probably  represented  by  the  formulas — 


HO,S 


/  Y     I  on  HO3S  ,/  Y     I  o^ 


Whether  the  7-acid  occurs  along  with  the  a-acid  amongst  the  pro- 
ducts of  the  sulphonation  of  /3-naphthol  at  a  low  temperature,  I  have 
not  yet  been  able  to  determine,  but  hope  to  be  able  to  do  so  before 
long. 

In  conclusion,  I  desire  to  express  my  thanks  to  Messrs.  Brooke, 
Simpson,  and  Spiller,  in  whose  laboratory  the  above  research  was 
carried  out. 


V. — On  EthyliG  Ginnamyldiethacetate. 

By  F.  E.  Matthews,  Ph.D. 

Some  time  since  I  showed  (Ghem.  Soc.  Trans.,  1883,  200)  that  a  conden- 
sation product  of  ethylic  diethacetoacetate  with  benzaldehyde  could  be 
obtained  by  the  action  of  hydrochloric  acid  gas  upon  the  mixture  of 
the  two  substances.  The  product  was  proved  to  have  the  constitution 
C5H5-CH:CH-CO-C(aH5)3-COOaH5,  or  ethylic  cinnarayldiethacetate, 
but  on  account  of  the  very  poor  yield  of  substance  obtained,  and  the 
difficulty  of  purification,  I  was  unable  to  do  more  with  it  than  make 
analyses  and  obtain  a  bromine  addition  product. 

Since  that  time  I  have  found  a  method  by  which  the  yield  of  the 
substance  may  be  very  considerably  increased,  and  as  at  the  same 
time  it  is  much  simpler  and  more  convenient,  I  have  been  able  to 
prepare  the  substance  in  much  larger  quantities,  in  the  previous 
process,  the  mixture  of  substances  after  saturation  with  hydrogen 
chloride  was  allowed  to  stand  for  a  few  days  ;  it  w^as  then  poui-ed  into 
ice-water,  the  separated  oil  washed  with  sodic  hydrate,  dried  with 
calcium  chloride,  and  fractioned  in  a  vacuum.     After  some  time,  the 
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portion  boiling  at  200 — 205°  at  a' pressure  of  3  mm.  solidified.  It 
was  then  reci'3'stalHsed  from  light  petroleum,  and  thus  obtained  pure. 

I  have  since  found  that,  if  instead  of  allowing  the  mixture  satu- 
rated with  gaseous  hydrochloric  acid  to  stand  for  four  days  only,  it 
was  allowed  to  remain  for  about  a  month,  and  that  during  this  period 
the  mixture  was  two  or  three  times  more  treated  with  hydrochloric 
acid  gas  at  a  temperature  of  0°,  after  this  time  ciystals  began  to  foi'm 
in  the  mixture,  and  continued  growing  till  the  whole  became  a  solid 
mass,  but  containing  a  larg-e  amount  of  the  mother-liquor. 

The  crystals  Avere  collected  in  a  funnel  fitted  with  a  platinum  cone, 
and  by  means  of  a  filter-pump,  the  motlier-liquor  was  removed  as  far 
as  possible,  the  latter  was  then  again  saturated  with  hydrochloric  acid, 
when  in  a  few  days  a  further  crop  of  crystals  was  produced.  Thi.s 
process  was  repeated  until  no  more  benzaldehyde  remained  in  the 
n)ixture.  The  various  crops  of  the  crystals  were  first  drained  on  porous 
plates,  and  then  dried  by  pressure  between  filter-paper  and  exposure 
to  warm  air.  They  were  found  to  be  free  from  chlorine,  and  they  all 
melted  between  100°  and  102°. 

A  portion  was  recrystallised  from  ether  for  analysis ;  after 
recrystallisation,  it  resembled  in  every  way  the  ethylic  cinnamyldieth- 
acetate  pi'eviously  prepared ;  it  melted  at  101 — 102°,  and  gave  the 
following  result  on  combustion  : — - 

CO,    and 
II.  0'2027    gram    of   the    substance    gave  0"5604    gram   CO2    and 


0'2023   gram    of   the    substance 

gave    0'5469    gram 

0-1477  gram  OH,. 

0'2027    gram    of   the    substance 

gave  0-5504   gram 

0-1463  gram  OH,. 

Founcl. 

Calculated  for 

f —        "^        ^^ 

C,rH,,03. 

I.          II. 

C 74-45 

73-73        74-05 

H 8-03 

8-11          8-02 

Analysis  I  was  made  with  the  crude  substance,  II  upon  a  portion 
that  had  been  recrystallised. 

The  substance  is  therefore  even  without  recrystallisation  almost 
pure  ethylic  cinnamyldiethacetate. 

An  attempt  was  made  to  saponify  some  of  the  substance  with  caustic 
potash,  but  although  a  reaction  took  place  it  was  not  found  easy  to 
isolate  the  products.  A  small  quantity  of  a  potash  salt  was,  however, 
obtained,  and  this  yielded  an  acid  which  from  its  melting  point 
appeared  to  be  cinnamic  acid,  but  the  quantity  was  insufficient  for 
an  analysis. 

On  substituting  baryta  for  potash,  saponification  took  place  much 
more  readily.  Some  of  the  substance  was  placed  in  a  flask  connected 
with  a  Liebig's  condenser,  an  excess  of  baryta- water  was  added,  and 
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the  mixture  raised  to  tlie  boiling  point.  The  ether  melted  under  the 
solution  and  a  gradual  deposition  of  barium  carbonate  was  noticed, 
at  the  same  time  an  oil,  somewhat  resembling  peppermint  in  odour, 
distilled  over  in  small  quantity;  it  was  separated  from  the  water  by 
means  of  ether,  the  ethereal  solution  dried,  the  ether  distilled  off,  and 
the  residue  allowed  to  stand  for  some  time,  when  it  partly  solidified. 
The  crystals  were  separated  from  the  liquid,  and  were  found  to  melt 
at  100° ;  the  oil  on  analysis  gave  figures  approximating  to  those 
required  by  the  original  substance.  The  distillate  appears  therefore 
to  consist  chiefly  of  the  original  substance,  probably  mixed  with  a 
small  percentage  of  cinnamyl  diethylmethyl  ketone. 

The  residue  in  the  flask  after  saponification  was  acidified  with 
hydrochloric  acid,  when  a  dense  white  precipitate  was  produced 
which,  after  purification  by  dissolving  in  sodium  carbonate,  repre- 
cipitating  with  hydrochloric  acid,  and  subsequent  crystallisation  from 
dilute  alcohol,  melted  at  132 — 183°,  and  possessed  all  the  properties 
of  cinnamic  acid.     It  gave  the  following  figures  on  analysis  :  — 

0'1403  gram  of  the  substance  gave  0-3748  gram   CO^   and   00740 

gram  OH2. 

Tbeory  for 
CgHsOi.  Found. 

C  72-y7  72-86 

H 5-41  5-86 

The  diethacetic  acid  remaining  in  solution  was  not  isolated. 
The  saponification  of  ethylic  cinnamyldiethacetate  by  baric  hydi'ate 
takes  place  chiefly  according  to  the  following  equation : — 

2[aH5-CH:CH-CO-C(C,H5)o-COOaH5]  +  2BaH,0,  = 

(C6H5-CH:CH-COO),Ba  +  [CHCaHsVCOOJ^Ba  +  2C2H5-OH. 

I  have  also  tried  to  prepare  the  corresponding  mon-ethyl  compound 
in  a  similar  manner,  but  after  the  mixture  of  ethylic  ethacetoacetate 
and  benzaldehyde  saturated  with  hydrochloric  acid  had  been  standing 
for  three  months,  no  crystallisation  was  observable.  This  fact 
appears  to  confirm  my  previous  observation  that  ethylic  cinnamyl- 
monoethylacetate  is  not  crystalline  at  ordinary  temperatures. 

The  corresponding  reactions  with  ethylic  dimethyl-  and  mono- 
methyl- acetoacetates  have  also  been  investigated,  but  in  every  case  I 
have  failed  in  obtaining  any  definite  product.  The  reaction  appears 
to  be  much  more  complicated  than  that  with  the  corresponding  ethyl 
compounds,  the  complication  being  probably  caused  by  the  sub- 
stituted methyl-groups  in  the  substance  also  being  capable  of  taking 
part  in  the  condensation. 

Royal  Indian  Civil  Engineering  College, 
Coopers  Hill. 
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VI. — The  A  ctton  of  Ammonia  on  some  Tungsten  Compounds. 

By  Samuel  Rideal,  D.Sc.  Lond.,  Fellow  of  University  College, 

London. 

WoHLER,  in  a  paper  "Ueber  Amidverbindungen  des  Wolframs" 
{Annalen,  73,  190),  described  the  results  of  the  action  of  ammonia  on 
tnngstic  anhydride  and  tungsten  chloride.  In  the  former  case,  he 
found  that  when  tungstic  anhydride  was  heated  to  dull  redness  in  a 
stream  of  dry  ammonia,  it  was  converted  into  a  black  compound, 
whilst  water  condensed  in  the  cool  part  of  the  tube.  The  compound 
at  a  higher  temperature  yielded  metallic  tungsten.  The  analysis 
gave  results  which  varied  between  the  numbers  87'65  and  88"47  for 
the  percentage  of  tungsten  present,  and  a  nitrogen  determination  gave 
7"15  per  cent.  The  compound  also  contained  a  small  quantity  of 
hydrogen,  0*2  per  cent.  From  these  data  he  concluded  that  the 
compound  might  be  regarded  as  a  mixture  of  nitride,  amide,  and 
oxide  of  tungsten,  and  he  named  the  compound  tungsten  nitretamid- 
oxide.  The  formula  with,  the  modern  atomic  weight  for  tungsten  is 
4WN.,Wo(NH2Y,,2W02  =  W8NioH,04. 

The  action  of  ammonia  on  tungsten  chloride,  however,  gave  a 
nitrogen  compound  containing  no  oxygen.  The  percentage  of 
tungsten  in  this  varied  between  86' 76  and  90"80,  and  a  determination 
of  tbe  percentage  of  nitrogen  in  the  specimen  containing  the  highest 
percentage  of  tungsten  was  found  to  be  8'24.  From  these  results  he 
concluded  that  two  compounds  were  formed,  represented  by  the  for- 
mula 2WN2  +  W(NH,)2  (W,  per  cent.  86-58)  and  2WN  +  W(NH2)2 
(W,  per  cent.  90"44).  The  latter,  it  will  be  seen,  is  produced  from  the 
compound  2WN'2,W(NH.2)2  by  the  removal  of  one  molecule  of  nitro- 
gen. It  could  also  be  obtained  by  heating  the  former  compound  in  a 
current  of  hydrogen,  when  ammonia  was  formed.  It  is  to  be  noted 
that  the  theoretical  percentage  of  nitrogen  in  the  latter  compound 
should  be  8'92,  and  that  Wdhler  obtained  only  824  per  cent.  Ifo 
determination  of  the  amount  of  nitrogen  or  of  hydrogen  present  in  the 
former  compound  appears  to  have  been  made.  In  a  later  communi- 
cation {Annalen,  105,  258)  he  records  the  fact  that  when  the  chlorides 
of  tungsten  are  beated  with  ammonium  chloride  similar  black  com- 
pounds are  produced,  which  may  be  either  the  above-mentioned 
compounds  or  a  nitride  of  the  metal.  I^o  analyses  of  the  compound 
prepared  by  this  reaction  are  given. 

It  seemed  of  interest  to  compare  these  results  with  the  action  of 
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ammonia  on   the   oxyclilorides,  and  also  to  endeavour  to  obtain  the 
compounds  in  a  purer  state. 

Roscoe's  work  on  the  tungsten-derivatives  has  given  to  chemists 
a  means  of  preparing  the  oxychlorides  of  tungsten,  and  the  present 
note  is  to  record  the  results  which  were  obtained  by  substituting 
these  for  the  hexachloride  and  also  a  re-examination  of  some  of  the 
compounds  obtained  by  Wohler. 

Action  of  Ammonia  on  Ignited  Tungstic  Anhydride. 

A  current  of  dry  ammonia  was  passed  over  a  layer  of  tungstic 
anhydride  heated  to  dull  redness.  Water  condensed  at  the  further 
end  of  the  tube,  and  the  pale  yellow  tungstic  anhydride  was  converted 
into  a  black,  amorphous  product.  After  allowing  the  tube  to  cool,  a 
current  of  dry  air  was  drawn  through  it,  to  ensure  the  removal  of 
any  residual  ammonia. 

The  compound  was  analysed  by  ignition  in  air,  until  the  black 
colour  was  entirely  destroyed  and  the  weight  became  constant.  The 
addition  of  a  few  drops  of  nitric  acid  helped  the  final  oxidation  of  the 
tungsten,  which  was  then  strongly  heated  in  order  to  destroy  any 
compound  with  nitric  acid  which  might  be  formed. 

The  results  obtaining  by  noticing  the  decrease  of  weight  in  the 
tungstic  anhydride  after  txeatment  with  ammonia  gave  also  a  set  of 
results  which  agreed  with  tli^  determination  of  the  percentage  of 
tungsten  obtained  by  the  analysis  of  the  compound.  The  mean  of 
several  experiments  gave  85"26  for  the  percentage  of  tungsten  in  the 
compound,  a  determination  of  the  nitrogen  by  Dumas'  method  showed 
that  0"3845  gram  yielded  24"5  c.c.  at  V2o°  and  747  mm.  =  7'4  per 
cent.  N. 

Theory.  Found. 

Tungsten 84-o'  85-26 

Nitrogen 7'Q  7'4 

Hydrogen    0-27  027 

Oxygen 7-3  7-u7 

The  formula  with  which  these  numbers  best  agree  is  WsNsHsOs, 
which  indicates  that  the  removal  of  the  oxygen  had  not  been  so 
complete  as  in  the  experiments  described  by  Wohler. 

The  Action  of  Ammonium  Chloride  on  Tungstic  Anhydride. 

When  tungstic  anhydride  is  mixed  with  ammonium  chloride,  and 
the  mixture  heated  in  a  hard  glass  tube  or  small  crucible,  a  black 
product  is  formed.  After  repeatedly  reheating  with  fresh  ammonium 
chloride  the  weight  becomes  constant.     Different  preparations,  how- 
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ever,  vary  in  the  amount  of  tungsten  they  contain  between  the  limits 
S'A9  and  81-0,  the  average  of  several  experiments  being  82-4  per  cent. 
The  amount  of  nitrogen  in  these  products  is  much  smaller  than  in  the 
compound  formed  by  the  action  of  the  ammonia.  A  compound  con- 
taining S3'9  per  cent,  of  tungsten  having  67  per  cent,  of  nitrogen,  and 
that  with  b'lO  per  cent,  only  57  per  cent,  of  nitrogen. 


Highest. 

Lowest. 

Mean. 

Theory  for 
WNo,  WO3. 

Tungsten. , 

.     83-9 

81-0 

82-4 

82-8 

Nitrogen . . 

67 

57 

6-2 

6-4 

It  will  be  noticed  that  an  increase  in  the  percentage  of  tuno-sten  is 
accompanied  by  a  rise  in  the  amount  of  nitrogen,  as  if  the  tuno-stic 
anhydride,  WO3  (W  per  cent.  79-3),  was  being  converted  into  a  nitride, 
say  WN2,  whose  percentage  composition  is  W  =  86'8,  N  =  13"2. 

The  Action  of  Ammonia  on  Tungsten  Ovychloride,  WOeCU. 

The  oxychloride  was  prepared  by  Roscoe's  method,  and  the 
ammonia,  carefully  dried,  was  passed  into  the  tube  in  which  the 
oxychloride  was  condensed,  so  as  to  prevent  decomposition  by  contact 
with  the  moisture  in  the  air.  The  reaction  takes  place  without  the 
application  of  heat,  and  white  fumes  of  ammonium  chloride  are 
formed  in  the  further  part  of  the  tube.  The  product,  which  is  semi- 
crystalline  and  of  a  dull,  dark  brown  colour,  was  purified  from 
ammonium  chloride  by  gently  heating  the  tube  in  a  current  of  dry 
hydrogen.  The  analysis  of  several  specimens  prepared  in  this  way 
yielded  a  percentage  of  tungsten  varying  between  84'5  and  85'G,  with 
an  average  of  85*09.  The  product  differed  from  the  foregoing  in  not 
evolving  ammonia  on  heating  with  soda-lime,  and  two  determinations 
of  the  amount  of  nitrogen  present  only  yielded  a  few  cubic  centi- 
metres of  gas.  It  seems,  therefore,  that,  in  this  case,  the  ammonia 
removes  chlorine  from  the  molecule,  and  leaves  the  dioxide  (W  per 
cent.  =  85'18)  in  a  semicrystalline  form.  This  result  was  partially 
confirmed  by  observing  that  a  permanent  gas  was  formed  during  the 
reaction. 

It  is  interesting  to  note  that  the  action  of  ammonia  on  this  oxy- 
chloride of  tungsten,  WO2CI2,  is  similar  to  that  which  I  have 
previously  shown  to  take  place  when  dry  ammonia  is  allowed  to  act 
upon  chromyl  dichloride,  CrOoCl,  (Trans.,  1886,  49,  367). 

Action  of  Ammonia  on  the  Red  Oxychloride,  WOCI4. 

This  compound,  which,  on  account  of  its  unstable  character,  was 
only  prepared    in    small    quantity,   is  also    rapidly   attacked   by  dry 
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ammonia  in  the  cold.  A  small  quantity  (0'2318  gram)  of  the  black 
compound  formed  gave  0'2066  gram  tungstic  anhydride,  from  which  it 
is  seen  that  88'9  per  cent,  of  tungsten  is  present  in  the  product. 
This  was  the  highest  percentage  of  tungsten  in  any  of  the  products 
examined.  The  quantity  formed  did  not  permit  of  a  nitrogen  deter- 
mination being  made.  If  the  remainder  is  chiefly  nitrogen,  it 
approaches  in  composition  to  a  nitride  of  the  formula  ^"21^3,  in  which 
the  percentage  of  tungsten  is  89'5. 

The  Action  of  Ammonia  on  Tungsten  HexacMoride. 

Dry  ammonia  rapidly  attacks  the  hexachloride  in  the  cold,  yielding 
white  fumes  of  ammonium  chloride  and  a  black  powder  having  a 
semi-metallic  lustre.  The  latter  can  be  freed  from  ammonium 
chloride  by  washing  with  water.  It  is  insoluble  in  nitric  acid,  dilute 
sulphuric  acid,  and  soda.  When  fused  with  soda,  it  gave  off  ammonia 
and  was  converted  into  sodium  tungstate.  It  is  oxidised  by  aqua 
regia  to  tungstic  acid.  Strong  hot  sulphuric  acid  converts  it  into 
ammonia  and  tungstic  acid.  When  heated  in  the  air  it  glows,  and  is 
converted  into  yellow  tungstic  anhydride.  The  oxidation  to  tungstic 
anhj'dride  in  the  air  was  sometimes  accompanied  by  a  slight  smell  of 
ammonia,  but  when  the  substance  had  been  well  washed  with  water, 
or  heated  in  a  current  of  dry  hydrogen  until  all  the  ammonium 
chloride  had  been  volatilised,  it  did  not  give  off  ammonia  when 
heated  in  this  way.  The  percentage  of  tungsten,  as  determined  by 
the  ignition  of  the  black  compound  to  tungstic  anhydride  in  the  air, 
gave  results  varying  between  87'3  and  92"8  per  cent.  The  average  of 
all  the  determinations  gave  90"05  for  the  percentage  of  tungsten. 
It  will  be  noticed  that  the  lowest  result  obtained  was  slightly  higher 
than  the  lowest  determination  by  Wohler.  The  decomposition  of  the 
compound  by  hot  and  strong  sulphuric  acid  suggested  Kjeldahl's 
method  for  estimating  the  nitrogen  in  this  substance.  Two  deter- 
minations with  different  samples  gave  10'57  for  the  amount  of 
nitrogen  present. 

These  results  agree  with  those  required  by  the  formula  W2N3. 

Found.  Calculated  for  WoNj. 

Tungsten 90-05  89-8 

Nitrogen 10-57  10-2 

The  somewhat  high  result  for  the  nitrogen  constant  may  be  due  to 
the  fact  that  the  compound  seems  to  have  the  property  of  condensing 
ammonia  upon  its  surface.  Wohler  determined  the  percentage  of 
nitrogen  in  a  specimen  containing  90-8  per  cent,  of  tungsten  to  be 
8-24,  and  by  assuming  that  hydrogen  was  also  present  arrived  at  the 
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formula  2WN,  W(NH2)2.  The  amount  of  tungsten  in  other  specimens 
was  less  than  tliis,  the  minimum  obtained  by  him  being  86'76.  To 
account  for  this  low  result,  he  assumed  that  the  difference  was  due  to 
an  increase  in  the  nitrogen  to  12  8  per  cent.,  and  that  a  second  com- 
pound of  the  composition  2WN2,W(NHo).,  was  therefore  produced 
when  the  conditions  were  slightly  modified. 

Finely  divided  metallic  tungsten,  after  heating  to  redness  in  a 
current  of  dry  hydrogen,  underwent  no  alteration  in  weight  when 
heated  in  a  current  of  dry  ammonia.  No  action  was  observed  when 
dry  ommonia  gas  was  passed  over  the  heated  blue  oxide.  A  black 
compound  is  produced  when  a  solution  of  tungstic  acid  in  aqueous 
ammonia  is  evaporated  to  dryness  and  the  product  gently  heated  in  a 
covered  crucible;  water  is  given  off.  and  the  black  crystalline  pro- 
duct on  heating  in  the  air  is  converted  into  yellow  crystalline  tungstic 
anhydride.  The  acid  salt  is  said  to  form  the  blue  oxide  on  ignition 
in  a  closed  vessel,  but  the  compound  does  not  appear  to  have  been 
very  carefully  examined. 


YII. — The  Action  of  Chromium  Oxychloride  on  Pineyie. 

By  G.   G.  Henderson,  B.Sc,  M.A.,  Assistant  to  the   Professor  of 
Chemistry,  University  of  Glasgow,  and  R.  W.  Smith. 

Etard,  in  studying  the  action  of  chromium  oxychloride  as  an  oxidis- 
ing agent  {Ann.  Chevi.  Phys.  [5],  22,  218),  found  that  some  of  the 
terpenes  yield  compounds  with  this  substance,  which,  when  treated 
with  water,  give  corresponding  camphoaldehydes,  but  he  merely 
mentions  the  fact,  and  gives  no  description  of  the  camphoaldehydes 
obtained.  It  seemed  to  us  of  interest  to  examine  these  compounds 
more  fully,  and,  for  a  commencement,  we  took  pinene,  the  terpene 
boiling  at  159 — 161°,  which  we  obtained  in  a  state  of  great  purity. 

Chromium  oxychloride  attacks  pinene  with  almost  explosive 
violence,  and,  thei*efore,  in  order  to  moderate  the  action,  we  employed 
10  per  cent,  solutions  of  each  substance  in  dry  carbon  bisulphide.  The 
pinene  solution  was  put  into  a  flask  connected  with  a  reflux  condenser, 
and  kept  cool  by  a  stream  of  water,  and  the  solution  of  chromium 
oxychloride  was  added  in  small  portions  by  means  of  a  dropping 
funnel.  After  each  addition  of  the  chromium  oxychloride,  a 
voluminous  dark-brown  precipitate  was  formed,  and  quickly  settled 
to  the  bottom  of  the  flask.     When  all  of  the  reagent  had  been  added, 
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tlie  flask  was  allowed  to  remain  for  some  time,  until  the  precipitate 
had  settled ;  the  carbon  bisulphide  was  then  filtered  off  as  rapidly  as 
possible  by  aid  of  the  pump,  the  precipitate  washed  with  dry  carbon 
bisulphide,  dried  at  a  gentle  heat,  and  put  into  dry,  well-stoppered 
bottles.  The  solid  compound  thus  obtained  is  almost  black  when 
moist,  but  when  dry  it  is  of  a  light  greyish-brown.  When  exposed  to 
the  air,  it  rapidly  absorbs  water  and  decomposes,  and  when  heated  to 
between  80"  and  90'^  it  loses  1  mol.  of  hydrogen  chloride  with  slight 
explosion. 

Analysis  of  the  compound  gave  the  following  results  : — 

I.  0"3710  gram  substance  gave  0"8594  gram  carbon  dioxide  = 
00980  gram  carbon,  and  0"1302  gram  water  =:  0'0145  gram 
hydrogen. 
II.  0'530  gram  substance  gave  0"1780  gram  CrsOa  =  0"1222  gram 
chromium. 
III.  0"485  gram  substance  gave  0"6128  gram  silver  chloride  = 
0'1516  gram  chlorine. 

Found. 


Calculated  for 
C,oHi6,2Cr0.2Clo. 

I. 

II. 

III. 

Cio.  .  . 

120 

26-84  p.  c. 

26-42  p.  c. 

— 

— 

H,e.. 

16 

3-58     „ 

3-90     „ 

— 

— 

2Cr.. 

105 

23-49     „ 

— 

23-05   p.  c. 

— 

202.. 

64 

14-32     „ 

— 

— 

— 

2Cla.  . 

142 

447 

31-76     „ 

" 

31-2. 

100-00 

Pinene,  therefore,  like  the  other  substances  investigated  by  Etard, 
forms  with  chromium  oxychloride  a  solid  compound  which  has  the 
formula  CioH,6,2Cr02Cl2.  When  thrown  into  cold  water,  this  is 
immediately  decomposed  with  evolution  of  a  considerable  amount  of 
heat,  and  a  heavy  oil  of  a  brown  colour  separates,  while  the  chromium 
salts  go  into  solution.  This  oil  was  extracted  by  shaking  up  the 
solution  with  ether,  and  the  ethereal  solution  thoroughly  washed, 
first  with  dilute  caustic  soda,  and  finally  with  water,  dried  with 
potassic  carbonate,  and  the  ether  then  distilled  off.  In  this  way  a 
transparent  brown  oil  was  obtained,  with  a  strong  but  pleasant 
aromatic  odour.  In  order  to  purify  it,  a  portion  of  it  was  first  shaken 
with  a  saturated  solution  of  sodium  bisulphite,  but  no  crystalline 
compound  was  formed.  We  then  attempted  to  distil  -a  part  of  it,  but 
found  that  it  was  entirely  decomposed  by  heat ;  heaAy  white  fumes, 
with  a  suffocating  and  most  disagreeable  odour  were  given  off,  and  a 
black  resinous  mass  was  left  in  the  flask.  Another  portion  of  the  oil 
was  distilled  with  steam,  and    although  a   considerable   residue   of 
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resinous  matter  was  left  in  the  retort,  a  fair  quantity  of  tlie  oil  was 
obtained,  now  apparently  pure.  (In  preparing  a  second  supply  of  the 
oil,  after  decomposing  the  S(jlid  chromium  oxychloride  compound  with 
water,  we  did  not  extract  with  ether,  &c.,  but  simply  passed  sulphur 
dioxide  through  the  solution  in  order  to  reduce  any  chromic  acid  that 
might  be  present,  and  then  distilled  oif  the  oil  with  steam  and  dried 
it  over  potassic  carbonate.)  The  oil  was  now  golden-yellow  in  colour 
and  perfectly  transparent,  with  the  same  pleasant  odour  as  it  had 
before  distillation  with  steam.  Its  sp.  gr.  at  15°  is  r01366. 
Analysis  of  the  oil  gave  the  following  results : — 

1.  0"1720  gram  oil  gave  0'4640  gram  carbon  dioxide  =  01265  gram 

carbon,  and  0'1602  gram  water  =  0'0178  gram  hydrogen. 

II.  0"3075  gram  oil  gave  0*8298  gram  carbon  dioxide  =  02263  gram 

carbon,  and  0'2830  gram  water  =  0'0315  gram  hydrogen. 

III.  0'2):S26  gram  oil  gave  00958  gram  silver  chloride  =  0"0307  gram 

chlorine. 


Found. 


Calculated  for 


C.20H33OCI.  I.  II.  III. 

C,o 240         73-95  p.  c.  73-51  p.  c.  7359  p.  c.        — 

H33  . . .        33         1016     „  10-34     „  10-22     „         — 
0  ....        16           4-96     „              —  —  — 

CI....       35-5      10-93     „  —  —  10-86  p.  c. 


424-5    100-00 

The  simplest  formula  that  can  be  given  to  the  oil  is,  therefore, 
C20H33OCI.  We  were  surprised  to  find  chlorine  in  it,  having  expected 
to  obtain  an  oxy-compound,  possibly  an  aldehyde,  and  we  therefore 
heated  the  oil  for  some  time  with  alcoholic  potash,  but  without  alter- 
ing its  composition  to  any  appreciable  extent.  Several  analyses  of 
the  oil  were  made,  both  before  and  after  distilling  it  with  steam,  but 
the  results  were  in  each  case  very  close  to  those  given  above.  It 
seems  possible  that  the  oil  may  be  a  mixture  in  equal  proportions  of 
CioHigO  and  CmHisCl,  but  if  this  be  so  we  were  unable  to  separate  it 
into  two  fractions.  As  stated  above,  it  does  not  combine  with  sodic 
hydric  sulphite.  When  heated  with  acetic  chloride  for  some  time,  its 
colour  becomes  slightly  darker,  but  it  is  otherwise  unchanged,  and  it 
does  not  give  any  reaction  either  with  hydroxylamiue  or  phenyl- 
hydrazine  ;  it  does  not  alter  on  exposure  to  the  air. 

On  attempting  to  distil  the  oil  under  ordinary  atmospheric  pressure, 
it  is  completely  decomposed,  but  this  is  not  the  case  when  it  is  distilled 
under  diminished  pressure ;  the  decomposition  is  then  only  partial. 
A  small  quantity  of  resinous  matter  is  left  in  the  flask,  and  an  oil 
mixed  with  a  little  water  comes  over.     The  oil  was  dried,  and  again 
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distilled  under  diminished  pressure,  when  it  all  came  over  between 
180°  and  185°.  In  appearance  this  oil  is  very  similar  to  the  one  pre- 
\'iously  described ;  its  odour  is  almost  the  same,  and  it  behaves  in  the 
same  way  with  alcoholic  potash,  sodium  hydrogen  sulphite,  acetic 
chloride,  and  phenylhydrazine  ;  its  sp.  gr.,  however,  is  rather  less,  being 
0"97-407  at  lo'',  and  its  composition  is  quite  different,  as  is  seen  by 
the  following  analyses  : — 

I.  0-2110  gram  oil  gave  0'6405  gram  CO2  =  0-1648  gram  C,   and 
01970  gram  HoO  =  0-0219  gram  H. 
II.  0-2525  gram-  oil  gave  0-/225  gram  CO2  =  0-1970  gram  C,  and 
0-2.340  gram  H.O  =  0-0260  gram  H. 
III.  0-3705  gram  oil  gave  0-1697  gram  AgCl  =  00420  gram  CI. 

Found. 


Calculated  for 
CooHsiCl- 

r~ 
I. 

II. 

III. 

Oan.  .  . 

.     240-0 

78-3S  p.  c. 

78-13 

p.c. 

78-04  p 

c. 

— 

H:„   .  . 

31-0 

1011     „ 

10-37 

11 

10-29 

5> 

— 

CI... 

35-5 

11-56     „ 

— 

— 

11-34 

P- 

c 

306-5   100-00 

The  simplest  formula  of  this  second  oil  is  therefore  ConHsiCl,  and  it 
is  formed  from  the  first  on  distillation  by  loss  of  1  mol.  HjO. 

CjoHssOCl  =  CoflHsiCl  +  HjO. 

This  oil  may  also  be  a  mixture  of  CioHis  and  doHisCl  in  equal  pro- 
portions, but  we  again  failed  to  split  it  up  into  any  fractions. 

We  intend  to  prepare  larger  quantities  of  these  oils,  in  order  to 
examine  them  more  closely,  the  results  of  our  work  being  so  different 
from  what  we  expected. 


VIII. — On  Thionyl  Thiocyanate. 


By  G.   C.   McMuRTRY,  Student   in    the  Normal   Schools   of  Science, 
South  Kensington. 

Thionyl  chloride  acts  with  great  violence  on  mercuric  thiocyanate. 
When  the  two  substances  are  brought  together  the  rise  of  temperature 
is  sufficient  to  bring  about  the  total  decomposition  of  the  mercuric 
salt.  By  mixing  the  thionyl  chloride  with  carbon  bisulphide,  the 
reaction  becomes  more  manageable,  and   results  in  the  formation  of 
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thionyl  thiocyanate  and  mercuric  chloride.  Lead  and  silver  tliio- 
cvanates  are  similarly  acted  upon  by  tliionyl  chloride,  althouj^h  with 
much  less  violence. 

The  best  method  of  preparing  the  new  compound  is  to  allow  the 
mixture  of  thionyl  chloride  and  carbon  bisulphide  to  act  on  excess  of 
mercuric  thiocyanate  in  a  closed  flask  at  the  ordinar}'-  temperature. 
After  standing  for  a  few  days,  the  liquid  is  decanted  from  the  partially 
altered  mercury  salt,  and  allowed  to  evaporate  in  a  vacuum.  On 
washing  the  residue  with  hot  benzene,  and  afterwards  with  ether, 
thionyl  thiocyanate  is  left  as  an  orange-coloured,  amorphous  powder. 

It  was  analysed  with  the  following  results  : — 

I.  0"2394  gram  treated  by  Carins's  method  yielded  1"0154  gram 
barium  sulphate. 
II.  0*0958  gram  mixed  with  copper  oxide  and  heated  in  a  vacuum 
gave  22*32  c.c.  nitrogen  at  481  mm.  pressure,  and  at  1G"5''  C. 
No  nitric  oxide  was  present. 
III.  0*2002  gram  heated  with  copper  oxide  and  lead  chromate  gave 
O'lllO  carbon  dioxide. 

These  results  are  in  sufficiently  close  accordance  with  the  numbers 
demanded  by  the  formula  S0(SCN)2. 

Found.  Calculated. 

S 58-26  58-53 

N 17-46  17-07 

C  15-11  14-63 

Thionyl  thiocyanate  is  an  extremely  stable  substance.  It  is  prac- 
tically insoluble  in  cold  water,  and  but  slightly  soluble  in  hot  water. 
Hydrochloric  acid  even  on  boiling  has  no  action  on  it ;  sulphuric  acid 
in  the  cold  does  not  attack  it ;  it  is,  however,  completely  decomposed 
by  hot  oil  of  vitriol,  with  the  evolution  of  sulphur  dioxide  and  the 
precipitation  of  sulphur.  It  is  but  slightly  soluble  in  ammonia;  it 
is  dissolved  by  hot  benzene  and  by  carbon  bisulphide,  but  is  quite 
insoluble  in  alcohol,  ether,  petroleum,  phenol,  chloroform,  amyl 
alcohol,  and  acetic  acid. 
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IX. — On  Mercuric  ChlorotJiiocyanafe. 

By  G.  C.  McMuRTRY,  Student  in  the  Normal  Schools  of  Science, 
South  Kensington. 

On  treating  the  residue  of  mercurial  salts  obtained  by  the  action  of 
thionyl  chloride  on  mercuric  thiocyanate  (see  preceding  paper)  with 
hot  water,  the  clear  solution  deposited  crystals  of  a  compound  which 
aiialy.sis  showed  to  be  mercuric  cldorothiocyanate.  This  salt,  which  does 
not  appear  to  have  been  previously  prepared,  may  be  readily  obtained 
by  treating  a  mixture  of  5  parts  of  mercuric  thiocyanate  and  7  parts  of 
mercuric  chloride  with  boiling  water,  and  allowing  the  clear  solution 
to  stand.     The  substance  was  analysed  with  the  following  results  : — 

I.  0"4066  gram  dissolved  in  dilute  alcohol,  mixed  with  hydro- 
cliloric  acid,  and  treated  with  sulphuretted  hydrogen,  gave 
0"3209  gram  mercuric  sulphide. 
II.  03786  gram  heated  with  copper  oxide  in  a  vacuum  gave 
2232  c.c.  of  a  mixture  of  nitrogen  and  nitric  oxide,  measured 
dry  at  14"5°  and  534  mm.  pressure.  After  absorption  of  the 
nitric  oxide  there  remained  22*32  c.c.  of  nitrogen  at  14"5° 
and  485  mm.  pressure. 

III.  0*2272  gram  heated  with  copper  oxide  and  lead  chromate  gave 

0'0332  gram  carbon  dioxide. 

IV.  0"3731  gram  treated   by  Carius's  method  gave   0'3010  gram 

barium  sulphate. 

These   numbers  lead    to    results   which  accord  with  the  formula 

^g<CS  °''  HgCVHg(CSN).. 

Found.  Calculated. 

Mercury 67-99  68-12 

Nitrogen 4-71  4-77 

Carbon 4-46  4*09 

Sulphur 11-08  10  90 

Mercuric  chlorothiocyanate  is  only  sparingly  soluble  in  cold  water, 
bat  readily  in  hot  water  and  in  alcohol ;  it  is  also  slightly  soluble  in 
ether.  When  heated  on  platinum  foil,  it  intumesces  in  much  the 
same  way  as  mercuric  thiocyanate.  Its  crystalline  characters  were 
kindly  examined  by  Mr.  Miers,  who  reports  as  follows  :  — 

"  Slender  prisms  having  a  prism  angle  of  71^*^  ;  one  fairly  perfect 
cleavage  (c)  equally  inclined  to  two  prism  faces  which  form  the  acute 
edge  of  the  pidsm,  and  at  an  angle  of  42|°  to  that  edge ;  an  imperfect 
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cleavage  (7)  equally  inclined  to  the  same  two  prism  faces,  and  inclined 
at  a  smaller  angle  to  that  edge  in  the  opposite  direction. 

System  probably  inonosymmetric. 

mim^  =  71°  10', 

cm,  =  64°  SO'. 

If  c  is  the  basal  plane,  OP  =  fOOl), 

and  tn  is  the  prism  OOP  =  (HO). 

Then  a  :  b  =  2-076  :  1. 


"  One  optic  axis  is  visible  through  a  cleavage  plate,  and  is  not  very 
far  from  perpendicular  to  c.  A  cross  section  at  right  angles  to  the 
prism  show^s  only  one  axis.  Plane  of  the  optic  axes  is  parallel  to  the 
plane  of  symmetry  (010)." 


X. — Some   Derivatives   and   New   Colouring  Matters  obtained    from 
a-Pyrocresole. 

By  William  Bott,  Ph.D.,  Berkeley  Fellow  of  Owens  College,  and 
J.  Bruce  Miller,  A.I.C,  Owens  College. 

The  authors  have  been  investigating  the  reactions  of  «-pyrocresole 
and  its  derivatives,  with  a  view  of  definitely  ascertaining  its  consti- 
tution, and  expect  shortly  to  be  able  to  publish  their  results.  In  the 
meantime  it  seemed  worth  while  to  describe  a  number  of  new 
derivatives  which  have  been  obtained,  and  whose  preparation  is  not 
directly  connected  with  the  main  research,  as  yet  uncompleted. 
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Trichlor-ac-Pyrocresole,  CisHnClsO. 

This  compound  was  obtained  hj  the  protracted  action  of  chlorine 
on  solutions  of  a-pyrocresole  in  chloroform  or  carbon  tetrachloride, 
and  repeatedly  recrystallising  the  product  from  boiling  benzene.  It 
forms  a  white,  bulky  mass  consisting  of  slender,  silky  needles,  which 
under  the  microscope  are  resolved  into  characteristic  aggregates  of 
thin,  transparent,  flat  prisms  or  bars.  The  compound  is  insoluble  in 
water,  alcohol,  ether,  and  acetic  acid,  but  soluble  in  chloroform,  and 
still  more  so  in  boiling  benzene.  Its  melting  point  is  very  high,  bat 
cannot  be  determined  with  precision,  as  the  substance,  although  quite 
pure,  melts  only  gradually,  first  showing  signs  of  melting  about  225°. 
The  following  numbers  were  obtained  on  analysis  : — 

Comhist'ion. 

I.  0'198  gram  substance  gave  0"418  gram  COj  and  0'0625  gram 

H2O. 
IT.  0'268  gram  substance  gave  0'561  gram  CO2  and  0'0775  gram 
HoO. 

Chlorine  Determination. 
I.  0'1995  gram  substance  gave  0'2796  gram  AgCl. 

Found. 

Calculated  for  f ' ^ 

CisHiiClsO.  I.  II. 

C 57-41  p.  c.  57-30  57-83  p.  c. 

H 3-50    „  3-43          3-21     „ 

CI 33-98    „  34-62           —      „ 

O  (by  difeerence) .        5-11     „  511           511     „ 

It  will  be  seen  that  in  both  analyses  the  carbon  found  is  too  high 
and  the  hydrogen  too  low,  this  discrepancy  being  acconnted  for  by 
traces  of  chlorine,  that  is  of  hydrogen  chloride,  having  found  their  way 
into  the  potash  bulbs  during  combustion.  The  chlorine  in  the  sub- 
stance cannot  be  readily  determined  by  Carius'  method,  as  the 
compound  is  not  always  completely  decomposed  by  nitric  acid ;  the 
chlorine,  therefore,  was  estimated  by  heating  with  pure  lime. 

Dinitro-oc-PyrocresoIe  Oxide,  Ci5Hio(N'02^202. 

In  a  former  paper,  the  three  tetranitro-derivatives  of  the  pyrocresoles 
have  been  described,  no  other  nitro-compounds  being  known.  We 
have  lately  obtained  the  first  intermediate  nitro-derivative,  namely, 
dinitro-a-pyrocresole  oxide,  and  ai'e  now  trying  to  obtain  the  corre- 
sponding compounds    from  /3-   and  7-pyroci'esole.     The  «-derivative 
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was  prepared  by  adding'  a-pyrocresole  oxide  to  cold,  concentrated 
nitric  acid,  in  small  portions  at  a  time,  until  a  dark,  rcddisli-brown 
solntion  was  obtained.  Upon  the  addition  of  Avater,  a  yellowish 
precipitate  was  thrown  down  consisting  of  a  mixture  of  the  dinitrb- 
product  with  unaltered  oxide.  The  latter  was  removed  by  extraction 
with  boiling  alcohol,  and  the  residue  recrystallised  from  glacial  acetic 
acid  or  nitrobenzene.  The  pure  substance  forms  yellowish-white 
crystals,  which  are  very  slightly  soluble  in  hot  water,  slightly  soluble 
in  alcohol,  a  little  more  so  in  glacial  acetic  acid,  and  freely  in  hot 
niti'obenzene.  They  melt  at  about  235°  with  very  slight  decomposi- 
tion, and  when  heated  more  strongly  decompose,  but  do  not  burn 
with  a  flash  like  the  tetra-nitro-corapound.  On  analysis  the  com- 
pound gave  the  following  numbers  : — 

0'192  gram  substance  gave  0*4075  gram  CO3  and  0*0G3  gram  H2O. 
0'195         ,,  ,,         15"6  c.c.  moist  N  at  15°  and  748"5  mm. 

Calculated  for 

C,5H,o(N02)202.  Found. 

C    57-32  p.  c.  57-88  p.  c. 

H 3-18     „  3-64     „ 

O    30-57     „  (calc.)  30-57     „ 

N  8-92     „  9-22     „ 

Reduction  of  the  Nitro-compounds. 

The  formation  of  amido-  and  other  reduction-products  has  already 
been  observed  by  W.  Bott  a  considerable  time  ago,  but  we  have  only 
recently  begun  a  closer  study  of  the  action  of  alkaline  and  acid 
reducing  agents  on  the  nitro-derivatives  of  the  pyrocresoles.  The 
results  so  far  obtained  open  out  a  wide  field  of  investigation,  and 
comprise  the  beginnings  of  a  new  series  of  colouring  matters,  which 
probably  differ  essentially  in  composition  and  structui^e  from  the  azo- 
colours  ah'eady  known.  The  compounds  of  a-pyrocresole  only  have 
thus  far  been  examined. 

Tetramido-x-Pyrocresole  Oxide,  Ci5H8(N"H3)i02. 

This  compound  has  been  obtained  by  the  reducing  action  of  tin  on 
the  corresponding  nitro-derivative  suspended  in  a  mixture  of  strong 
hydrochloric  and  glacial  acetic  acid.  The  reaction  is  hastened  by 
working  under  pressure.  The  amido-derivative  is  also  formed  by 
means  of  zinc-dust  and  acetic  acid,  hydriodic  acid,  and  similar  reduc- 
ing agents  in  acid  solution,  but  tin  answers  the  purpose  best.  After 
complete  reduction,  the  brownish-yellow  solution  is  evaporated  to 
expel  excess  of  acid,  the  tin  removed  by  sulphuretted  hydrogen,  and 
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the  filtrate  made  slightly  alkaline  with  caustic  soda  or  ammonia, 
•which  precipitates  the  amido-compound  as  a  greenish-yellow  mass. 
This  is  well  washed  with  watei',  and  may  be  further  purified  by  redis- 
solving  it  in  dilute  hydrochloric  acid,  passing  sulphuretted  hydrogen 
to  remove  traces  of  tin  which  obstinately  adhere  to  it,  and  reprecipi- 
tating  the  base  with  alkalis.  It  is  not  necessary  to  recrystallise  the 
compound  from  alcohol,  in  which,  moreover,  it  is  not  readily  soluble. 
Tetraniido-:x-pyrocresole  oxide  thus  prepared  forms  a  greenish-yellow 
powder,  sparingly  soluble  in  alcohol  and  ether,  and  almost  insoluble 
in  benzene.  It  is  soluble  in  acids,  and  the  solutions  give  a  dark  red- 
dish-brown coloration  with  sodium  hypochlorite.  The  melting  point 
appears  to  lie  considerably  above  300°,  but  has  not  yet  been  accurately 
ascertained. 

O'l-iO  gram  substance   gave  23'5  c.c.  moist  N  at  12°,  and  756  mm. 
bar. 

Caleulated  for 

C,5H8(NH2)402.  Found. 

N 19-71  p.  c.  19-55  p.  c. 

Diamido-x-Pyrocresole  Oxide,  Ci5Hio(NH2)202. 

This  substance  is  obtained  from  the  new .  dinitro-compound  in  the 
same  manner  as  the  previous  derivative.  Its  properties  have  not  yet 
been  closely  examined,  but  in  appearance  and  solubility  it  greatly 
resembles  the  tetramido-compound. 

O'lGl  substance  gave  16  c.c.  moist  N  at  16°  and  761  mm.  bar. 

Calculated  for 
Ci5Hio(NH.,)202.  round. 

N 1102  p.  c.  11-40  p.  c. 

Azo- derivatives  of  x-Pyrocresole  Oxide. 

Both  the  tetra-  and  di-amido- derivatives  of  «-pyrocresoIe  oxide  can 
be  diazotised  in  dilute  acid  solutions  in  the  ordinary  manner.  It  will, 
in  all  probability,  be  impossible  to  isolate  the  diazo-salts  from  these 
solutions,  on  account  of  the  unstable  character  peculiar  to  these  sub- 
stances, but  from  the  examination  of  some  more  stable  derivatives, 
their  composition,  that  is  the  number  of  diazo-groups  present,  may, 
we  hope,  be  deduced.  The  solutions  of  these  diazo-salts  react  in  the 
well-knowTi  manner  with  phenols,  giving  rise  to  the  formation  of 
oxyazo-com pounds.  This  reaction  takes  place  most  readily  with 
alkaline  solutions  of  /3-naphthol,  and  the  compounds  thus  formed 
represent  the  first  colouring  matters  obtained  from  pyrocresoles. 

If  a  diazotised  solution  of  tetramido-«-pyrocresole  oxide  is  added 
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to  an  alkaline  solution  of  (S-nupIithoI,  a  bright-rod  precipitate  is 
ininiediately  thrown  down,  consisting  of  the  oxyazo-compound. 
After  washing  with  cold  water,  and  drying  on  a  water-bath,  it  forms 
a  dark-red  powder,  insoluble  in  water,  but  soluble  in  alcohol,  ether, 
chloi-oform,  and  benzene.  With  concentrated  sulphuric  acid,  it 
gives  a  beautiful  and  characteristic  reaction,  dissolving  in  the  strong 
acid  with  a  dark-green  colour,  which  on  gradual  dilution  with  water 
changes  to  red,  the  colouring  matter  being  repi-ecipitated  in  red 
flakes.  This  reaction  somewhat  resembles  the  test  given  by  safranine, 
which  also  dissolves  in  concentrated  sulphuric  acid  with  a  green 
colour.  With  safranine,  the  green  colour  is,  however,  readily  dis- 
charged by  a  drop  of  strong  nitric  acid,  which  in  the  case  of  the  new 
colouring  matter  changes  the  colour  from  green  to  purple,  but  does 
not  discharge  it.  By  means  of  faming  acid  containing  30  to  60  per 
cent,  of  SO3,  the  colouring  matter  can  be  sulphonated  and  obtained 
in  solution.     It  dyes  silk  and  wool  a  fine  maroon  shade. 

By  the  action  of  diazotised  solutions  of  diamido-«-pyrocresole 
oxide  on  alkaline  solutions  of  /3-naphthol,  a  red  colouring  matter  is 
formed  resembling  the  previous  compound  in  all  respects,  but  pos- 
sessing a  brighter  and  finer  shade.  Like  the  preceding  compound  it 
gives  a  highly  characteristic  test  with  strong  sulphuric  acid,  and 
yields  soluble  sulphonic  acids  suited  for  dyeing  pui-poses.  It  imparts 
to  silk  and  wool  a  bi'ight  salmon  colour. 

By  the  action  of  the  diazo-salts  on  an  alkaline  solution  of 
a-naphthol,  a  brownish  colouring  matter  is  formed,  which  dissolves  in 
strong  sulphuric  acid,  with  a  beautiful  dark-blue  colour,  and  is  repre- 
cipitated  by  water.  The  closer  examination  of  the  above  colours  is 
being  proceeded  with,  and  we  shall  extend  the  reaction  to  other  mono- 
phenols,  and  to  the  meta-series  of  the  diphenols  and  araidophenols. 

Regarding  the  composition  of  these  new  colouring  matters,  we  can 
at  present  only  conclude  from  their  mode  of  formation  that  they  are 
oxyazo-compounds  or  trapgeolins,  but  the  number  of  azo-groups  con- 
tained in  their  molecules  remains  to  be  ascertained  by  a  careful  esti- 
mation of  the  nitrogen  in  the  purified  products.  We  shall  then  also 
be  able  to  deduce  the  formulae  of  the  diazo-compounds  originally 
present  in  solution. 

The  action  of  reducing  agents  in  alkaline  solution  on  the  nitra-^ 
derivatives  of  a-pyrocresole  oxide  gives  rise  to  the  formation  of  ^zo- 
compounds,  and  also  of  small  quantities  of  amido-products.  The 
reaction  with  ammonium  sulphide  is  particularly  interesting.  If  a 
small  quantity  of  tetranitro-a-pyrocresole  oxide  is  heated  with  alcoljol 
and  a  few  drops  of  ammonium  sulphide,  the  supernatant  liquid 
assumes  a  reddish-brown  colour,  and  on  the  addition  of  hydrochloric 
acid  and  warming,  a  red  precipitate  is  thrown  down,  insoluble  in  water 
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but  soluble  in  chloroform,  ether,  benzene,  and  acetone,  with  a  reddish- 
violet  colour.  It  is  practically  insoluble  in  carbon  bisulphide,  and 
mar  thus  be  separated  from  any  admixture  of  sulphur.  It  dissolves 
in  concentrated  sulphuric  acid,  yielding  a  yellow  solution,  and  is  re- 
precipitated  by  Avater  in  dai-k-red  flakes.  If  in  the  above  experiments 
the  action  of  the  ammonium  sulphide  is  allowed  to  continue  for  some 
time,  the  solution  with  hydrochloric  acid  no  longer  yields  a  red 
colour  ;  on  diluting  with  water,  a  yellow  precipitate  is  formed,  soluble 
in  alcohol,  ether,  and  chloroform,  but  almost  insoluble  in  benzene. 
It  is  very  sparingly  soluble  in  cold  water,  a  little  more  so  in  hot  water, 
the  solution  dyeing  silk  a  bright-yellow  shade. 

As  the  red  and  yellow  substances  have  only  been  prepared  quite 
recently,  we  have  not  had  time  to  study  them  more  closely.  From 
the  manner  in  which  they  are  produced  it  appears  probable,  however, 
that  the  red  substance  is  an  azoxy-  or  oxyazo-derivative,  whilst  the 
yellow  substance  is  derived  from  it  by  reduction. 

The  probable  constitution  of  the  derivatives  described  in  this  com- 
munication will  be  discussed  in  our  next  pajier  on  the  structure  of 
«-pyrocresole. 


XI. — Some  Metallic  Derivatives  of  Halogen  NitropTienols. 

By  Arthur  R.  Ling. 

Having,  in  my  experiments  with  the  nitrohalogen-derivatives  of 
phenol,  obtained  some  metallic  salts  which  have  not,  so  far  as  I  am 
aware,  been  described,  and  Avhich  appear  to  be  in  themselves  of  some 
little  interest,  I  have  deemed  it  advisable  to  publish  a  description  of 
the  same.  Although  I  do  not  claim  to  have  obtained  results  of  any 
theoretical  importance,  it  must  be  granted  that  any  addition  to  our 
knowledge  of  this  most  interesting  class  of  compounds  cannot  be 
without  some  value. 

Bromination  of  OrthocMoroparanitrophenol. 

The  orthochloroparanitrophenol  obtained  by  chlorinating  paranitro- 
phenol  in  acetic  acid  solution,  was  separated  from  the  small  quantity 
of  dichloroparanitrophenol  formed  at  the  same  time  by  converting  it 
into  the  barium  salt  and  crystallising  from  water.  On  decomposing 
the  aqueous  solution  of  this  salt,  [C6H3Cl(N02)'0]2Ba,7H20,  with 
dilute  hydrochloric  acid,  and  subsequent  crystallisation  of  the  colour- 


OF   IIxU^OGEN   NITROPHENOLS.  57 

less  cliloi'.mitrophenol  from  a  largo  l)ulk  of  liot  water,  it  was  obtained 
in  long,  white,  satiny  needles  melting  at  11U°,  as  stated  by  other 
observers. 

The  pure  compound  was  dissolved  in  glacial  acetic  acid,  and  treated 
with  the  theoretical  quantity  of  bromine  (1  uiol.)  in  the  usual  way, 
after  wliicli  the  solution  was  poured  into  water,  and  the  precipitated 
chlorobromo-derivative  converted  into  the  potassium  salt,  which 
crystallises  from  water  in  golden-yellow  needles.  On  decomposing 
the  latter  with  dilute  hydrochloric  acid  and  crystallising  the  resulting 
compound  from  boiling  water  (in  which  it  is  but  sparingly  soluble), 
it  was  obtained  in  colourless  crystals,  resembling  in  appearance 
diehloro-  and  dibromo-paranitrophenol,  and  melting  sharply  with 
instantaneous  decomposition  at  1.37°.  A  specimen  of  the  pure  com- 
pound dried  at  100°  gave  the  following  result  on  analysis : — 

0*4497  gram  gave  0"5890  gram  AgCl,AgBr. 


Theorv. 
C6HoClBr(N02)-OH.  Found. 

CI 
Br 


> 45'74  per  cent.  45'72  per  cent. 


Potassium  clilorohromoparanitrophenol  forms  long,  golden-yellow 
needles,  which  contain  1  mol.  H3O,  and  are  moderately  soluble  in 
cold  water,  easily  in  hot.  It  is  thus  analogous  in  composition  to 
potassium  dichloroparanitrophenol  (Kollrepp,  Annalcn,  234,  8). 
Analysis  of  an  air-dried  specimen  gave  the  following  results  : — 

0"3G39  gram  lost  0'0211  gram  at  lOO — 120°,  and  gave  0'10o6  gram 
K.,S04. 

Theory. 
C6HoClBr(N02)-OK,H20.  Found. 

H2O 5'83  per  cent.  5"79  per  cent. 

K 12-64        „  1274 

Calcium  clilorohromoparanitropheiiol  appears  to  resemble  calcium 
dichloroparanitrophenol  (Armstrong,  this  Journal,  1871,  1117);  thus 
it  crystallises  in  long,  yellow,  glistening  needles  containing  9  mols.  HsO, 
but  the  following  difference  is  to  be  noted :  the  dichloro-deriva- 
tive  is  completely  dehydrated  at  1G0°,  whilst  the  chlorobromo-salt 
requires  heating  to  21U°.  On  exposing  the  above  to  the  air,  the 
needles  soon  effloresce,  and  become  somewhat  darker  in  colour  and 
dull  in  appearance.  After,  however,  losing  2  mols.  H9O,  the  hydrate 
[C6H2ClBr(N02)*Oj2Ca,7H20  appeared  to  remain  perfectly  constant. 
This  efflorescence  takes  place  so  quickly  that  it  was  found  advisable 
to  make  the  analytical  determinations  as  soon  after  the  salt  had  been 
dried  between  filter-paper  as  possible. 

VOL.   LV.  P 
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I.    0-2556   ,^'am  lost  00586   gram    at  210°  and    gave  0-0488  gram 

CaS04. 
II.    0-5099  gram    lost  01190   gram    at  210°  and   gave  0-0960  gram 
CaSO^. 

Found. 

Theory.  f * , 

[C6H:..ClBr(N02)0]oCa,9H20.  I.  II. 

H.,0 2-2-98  p.  c.  22-92  p.  c.         23-33  p.  c. 

Ca 5-67     „  5-59     „  5-53     „ 

It  may  be  stated  that  in  all  cases  in  which  duplicate  determinations 
are  given,  they  have  been  taken  from  different  preparatious.  The 
effloresced  salt  gave  the  foUovs^ing  numbers  : — 

I.  0-2543  gram   lost  0-0480  gram  at  210°  and   gave   0-0506   gram 

CaSOi. 
II.  0-2983  gram  gave  0-0592  gram  CaSOi- 

Found. 

Theory.  , * ,, 

[C6H2ClBr(NO).2-0]2Ca,7H.,0.  I.  II. 

H,0 '.  . .      18-83  p.  c.  18-87  p.  c.  — 

Ca 5-97     „  5-85     „  5-83  p.  c. 

If,  instead  of  allowing  the  supersaturated  solution  of  the  above  salt 
in  water  to  cool  to  the  temperature  of  the  room,  it  is  kept  at  about 
70°,  the  salt  separates  in  an  entirely  different  form,  namely,  in  dark- 
yellow,  rhombic  plates,  which  appear  to  contain  4  mols.  H2O. 
The  analytical  results  were  as  follows  : — 

I.  0-2557  gram  lost  0-0301  gram  at  210°,  and  gave  0-0557  CaSOi. 
II.  0-2763  gram  gave  0-0606  gram  CaSO^. 

Found. 
Theory. 


[C6H2ClBr(X02)0]2Ca,4H20.  I.  II. 

H2O 11-70  p.  c.  11-77  p.  c.         — 

Ca 6-50     „  6-41     „  6-44  p.  c. 

I  am  not  aware  that  a  calcium  salt,  analogous  to  the  above,  has  yet 
been  described. 

Jiarixim  clilorohromoparanitroplienol  forms  long,  canary-yellow 
glistening  needles,  and  is  similar  in  composition  to  barium  dibromo- 
paranitrophenol  [C6H3Br2(NO2)-O]2Ba,10H2O,  Bruuck  {ZeiL,  1867, 
204).     Analysis: — 

I.  0-2676  gram  lost  0-0586  gram  at  200°,  and  gave  0-0758  gram 
BaSOi. 
II.  0-3558  gram  gave  01024  gram  BaSOj. 


k 
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Found. 

Theory.  f " — -^ 

[C6H2ClBr(NO2)-O]2Ba,10II.O.  T.  II. 

HoO 21-97  p.  c.  21-90  p.  c.  — 

Ba lG-70     „  16-62     „  1691  p.  c. 

Brunck  raentions  (loc.  cit.)  that  when  the  compound, 

[C6H3r,(NO2)-O]2Ba,10H2O, 

before  alluded  to,  is  placed  over  concentrated  sulphuric  acid  in  a 
desiccator,  it  dries  up  to  a  red  powder,  but  it  was  afterwards  shown 
by  Post  (AnnaJen,  205,  94)  that  the  form  of  the  crystals  remains 
unaltered,  and  that  the  change  of  colour  from  yellow  to  red  is  accom- 
panied by  the  loss  of  6^  mols.  HjO,  tlie  red  needles  having  the  com- 
position [C6H2Br2(N02)'0]2Ba,8^H.O.  I  may  mention  that  I  have 
described  an  analogous  red  bariurn  salt  of  dichloroparanitrophenol 
(Trans.,  1887,  786).  When  tlie  last-described  yellow  salt  of  chloro- 
bromoparanitrophenol  is  allowed  to  remain  over  sulphuric  acid  for 
several  hours,  a  precisely  similar  change  takes  place,  for  example, — 

I.  0-4754   gram   yellow  salt  lost  0*0691  gram   in  64  hours,  and 
changed  in  colour  to  red. 
II.  0-6351  gram  lost  0-0904  gram  in  60  hours. 

Found. 
Theory. 


[CfiH2ClBr(N02)-0]2Ba,3iF20  +  6^Aq.        I.  II. 

11,0 14-26  p.  c.  14-53  p.  c.         1423  p.  c. 

The  following  numbers  were  also  obtained  on  analysing  the  red 
salt : — 

I.  0-2331  gram  lost  0-0214  gram  at  200°,  and  gave  0-0765  gram 
BaSOj. 
II.  0-2318  gram  gave  0-0773  gram  BaSOi. 

Found. 
Theorv.  , * v 


[C6H2ClBr(N02)-0]2Ba,3iH20.  I.  II. 

H2O 8'-96  p.  c.  9-18  p.  c.  — 

Ba 19-48     „  19-30    „  1958  p.  c. 

A  red  salt,  probably  identical  with  the  above,  was  deposited  from 
supersaturated  aqueous  solutions  of  barium  chlorohromoparaniti'o- 
phenol,  if  the  temperature  was  kept  at  about  70° ;  but  after  the 
needles  had  been  dried  between  filter-paper,  they  were,  in  every 
experiment  tried,  found  to  be  partially  converted  into  a  yellow  salt, 
and  so  were  not  further  examined. 


P  2 
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Calcium  Paracliloroflwhromorthonitrophenol. 

This  salt  has  already  been  described  by  me  (Trans.,  1887,  789)  as 
crystallising  in  orange-red  glistening  scales,  containing  2|-  mols.  H2O, 
but  I  find  that  my  analytical  numbers  were  wrongly  calculated,  and 
as  another  specimen,  lately  prepared,  does  not  agree  with  the  above 
description,  1  have  re-examined  the  compound.  It  forms  small 
glistening  plates  of  a  dark  red  colour,  in  fact,  it  is  of  quite  as  dark 
a  colour  as  the  isomeric  compound  containing  7H2O  (Joe.  cit.,  791). 
It,  however,  becomes  much  lighter  in  colour  on  losing  its  water  of 
crystallisation  (orange  when  anhydrous),  a  fact  which  would  seem  to 
indicate  that  the  specimen  previously  examined  was  partially  de- 
hydrated. It  appeai-s  to  be  generally  characteristic  of  these  calcium 
salts  that  they  retain  some  of  their  water  of  crystallisation  at  high 
temperatures.  In  the  paper  before  referred  to,  it  was  shown  that,  in 
order  to  completely  dehydrate  calcium  orthochloroparabromortho- 
nitrophenol,  it  was  necessary  to  heat  it  for  a  considerable  time  at 
250°.  When  I  first  re-examined  the  salt  tinder  consideration,  I  con- 
cluded that  it  contained  3  mols.  H2O,  as  the  following  analysis 
seemed  to  indicate  : — 

0-2715  gram  lost  0'0244  gram  at  100 — 125°,  and  gave  0-0602  gram 
CaSOi. 

Theory. 

[CfiHaClBr  (NO.,)  -OloCa.SH.^O.  Found. 

H.,0 9-04  per  cent.  898  per  cent. 

Ca 6-70        „  6-51 

On  heating  another  specimen,  however,  at  200°,  till  its  weight 
remained  constant,  I  found  that  a  further  loss  occurred,  and,  con- 
firmed as  the  result  is,  to  a  certain  extent,  by  the  halogen  determina- 
tion, there  is  little  do\ibt  that  the  salt  in  reality  contains  4  mols.  HaO  ; 
for  example : — 

I.  0-2911 'gram  lost  0-0338  gram  at  200°  and  gave  0-0654  gram  Ca 
SO4. 
II.  0-o634  gram  gave  0-3850  gram  AgCl,AgBr. 

Found. 

Theory.  f * ^ 

[C6H,ClBr(N0.2)-0].,Ca,4H20.  I.  II. 

H2O 11-70  p.  c.  11-61  p.  c.  — 

Ca 6-50     „  6-49     „  — 

^  \ 37-56    „  —  36-99  p.  c. 
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Calcium  Dichlororthonifrophcnol. 

Tliis  is  deposited  from  its  hot  aqueous  solution  in  orange,  fibrous 
needles,  which  are  sparingly  soluble  in  boiling  water.     Analysis  : — 

0-1537  gram  dried  at  100^  gave  0-0443  gram  CaSO,. 

Theory. 
[CfiHiCLCNOo)  •OjoCa.HjO.  Found. 

Ca 8-47  per  cent.  8*45  per  cent. 

If  a  saturated  solution  of  the  above  salt  be  left  over  sulphuric  acid, 
to  evaporate  slowly,  it  will  be  obtained  in  small  dark-red  needles  and 
plates  which  probably  contain  4  mols.  HoO.  When  heated  at  135°, 
they  were  found  to  lose  10-67  per  cent,  of  their  weight,  which  agrees 
with  the  theory  for  3  mols.  H^O;  the  calcium  determination  is,  how- 
ever, nearer  that  demanded  for  4H3O. 

0-2566  gram  gave  0-0664  CaSO,. 

Tlieorv. 
[C6H2Cl2(N02)-0]oCa,4n.p.  Found. 

Ca 760  per  cent.  7-60  per  cent. 

This  salt  could  not  be  further  examined,  as  I  had  no  more  at  my 
disposal. 

Calcium  Dihroviorthoniirop h eno  I. 

This  forms  red  scales  containing  7H2O,  and  is  analogous,  therefore, 
to  calcium  orthochloroparabromorthonitrophenol.  It  is  impossible  to 
remove  all  the  water  of  crystallisation  from  the  above  below  the 
temperature  at  which  it  decomposes. 

I.  0-2352  gram  gave  0-0423  gram  CaSO^- 

II.  0-3065          „  0-0541     „      CaSOi. 

III.  0-21UO         „  0-2178     „      AffBr. 


Found. 


Tlicorv. 


[C6H2Br2(NOo)-"0].,Ca,7H20.  I.  11.  III. 

Ca....        5-28  p.  c.  5-27  p.  c.       5-18  p.  c.         — 

Br 42-21     „  —  —  42-41  p.  c. 


Calcium  Farahrom orthiodorthonitrophenol. 

Parabromorthiodorthonitrophenol  was  first  described  by  Korner 
(Jahrh.,  1867,  617),  according  to  whom  it  melts  at  104-2°,  and  next 
by  Groth  {Jahrh.,  1877,  540),  who  states  that  the  crystals  are 
bi'ownish-yellow  and  melt  at  102°  ;  he  gives  measurements  of  them. 


02  METALLIC   DERIVATIVES  OF   HALOGEN   NITROPHEXOLS. 

This  compound  was  prepared  by  me  by  iodising  parabromortlio- 
nitropbenol,  m.  p.  88°,  in  alcoholic  solution  with  iodine  and  mercuric 
oxide.  After  purification  by  means  of  its  potassium  salt,  and  sub- 
sequent decomposition  of  the  latter  and  crystallisation  from  alcohol, 
it  was  obtained  in  yellow  scales  of  a  somewhat  dirty  appearance 
melting  at  104°.  The  calcium  salt  forms  dark-red  plates  containing 
4  mols.  H2O.     Analysis  : — 

I.  0-2295  gram  lost  0-0204  gram   at  190°  and  gave  00397  gram 
CaS04. 
XL  0-3441  gram  gave  0-3652  gram  Ag(Br,l). 

Found. 

Theory.  ,. * v 

[C6HoBrI(NOo)-0]i,Ca,4H20.  I.  II. 

H,0 .'.        9-63  p.  c.  8-89  p.  c.  — 

Ca 5-02     „  5-09     „  — 


f} 


51-82     „  —  51-93  p.  c. 


Of  tbe  foregoing  calcium  salts  of  orthonitrophenol-derivatives,  it  is 
to  be  I'emarked  that  they  all  pass  from  a  red  to  an  oi'ange  colour  with 
the  loss  of  their  water  of  crystallisation  ;  this  is  at  variance  with 
the  observations  of  Carnelley  and  Alexander,  who  state  (Proc,  1888, 
64)  that  in  the  metallic  derivatives  of  the  nitrophenols  the  colour 
passes  towards  the  red  end  of  the  spectrum  as  the  water  of  crystalli- 
sation diminishes.  It  is  also  noteworthy  that  calcium  dichlorortho- 
nitrophenol  has  less  tendency  to  unite  with  water  than  tbe  other 
calcium  dibalogen  orthonitropbenol-derivatives ;  for  example,  the 
monohydrate  (an  orange  salt)  is  formed  with  ease,  whilst  the  red  salt 
containing  4  mols.  H2O  is  only  obtained  by  slowly  evaporating  the 
solution  over  concentrated  sulphuric  acid. 

As  regards  the  colour  of  the  salts  of  the  nitrophenols,  it  is  to  be 
observed  that  those  from  the  alkali  metals,  potassium  and  sodium,  &c., 
of  derivatives  of  orthonitrophenol  are  red,  whilst  those  of  para- 
nitrophenol  are  yellow ;  also  that  those  of  ortho-orthodinitrophenol 
and  its  derivatives  are  red,  and  those  of  orthoparadim'trophenol  are 
yellow.  In  a  paper  by  Nolting  and  Pick,  published  in  a  recent 
number  of  the  Bericlite  (21,  3158 — 3160),  two  isomeric  dinitro- 
xylenols,  from  ortho-xylene,  are  described;  one  melting  at  127°. 
having  the  N02-groups  in  the  two  ortho-positions  with  respect 
to  the  OH-group,  and  the  other  melting  at  82°,  and  having  the 
NOj-groups  in  ortho-para-positions  with  respect  to  the  same.  Now, 
according  to  the  authors,  the  salts  of  both  these  compounds  are 
yellow,  and  thus  it  would  seem  that  the  introduction  of  two  methyl- 
groups   in  the  place    of    two   hydrogen-atoms   brings    about   a   con- 
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sidei'able  modificatioa  in  the  colour  in  the  case  of  ortho-orthodinitro- 
phenol,  removing  it  fui'ther  from  the  red  enil  of  the  spectrum. 
Ortho-orthodinitrophenol  and  its  haloaren  substitution-derivatives 
melt  at  a  lower  tempei-ature  than  orthoparadiuitrophenol  and  its 
corresponding  derivatives  ;  but  this  state  of  things  seems  to  be 
reversed  bj  the  introduction  of  tlie  two  methyl-groups  into  the 
molecule,  and  tlie  derivative  of  ortho-orthodinitropheuol  then  juelts 
at  the  higher  temperature. 


Xll.—Oii  Berherine.       (Part   I.) 
By  W.  H.  Perkix,  Jun.,  Ph.D. 


Berberine,  the  yellow  alkaloid  of  Berberis  vulgaris,  was  discovered  in 
the  year  18"26  by  Chevallier  and  Pelletan  {Journ.  de  Chim.  Medicate, 
2,  314)  in  Xanthoxylum  clava  Herctdis,  and  described  by  them  under 
the  name  of  xanthopicrit. 

Subsequent  researches  have  shown  that  this  alkaloid  is  a  con- 
stituent of  a  large  number  of  plants,  in  some  of  which  it  is  present 
in  considerable  quantities. 

It  has  been  found  in  Coccidus palmatus,  or  Columbo  root  (Boedecker, 
Annalen,  66,  'SSi  ;  69,  40)  ;  in  Berberis  vulgaris  (Buchner,  Ann.,  24, 
228);  in  Cmloeline  polycarpa  (Stenhouse,  Ann.,  95,  108;  105, 
360)  ;  in  the  wood  of  Coscinimn  fenestratum  from  Ceylon,  and  in 
Xanthorrisa  npii  folia,  a  North  American  plant  of  the  Banunculacea 
order  (Perrins,  Ann.,  83,  276)  ;  in  Hydrastis  cMnadensis  (j\lahla,  Silt. 
Am.  J.  [2],  33,  43  (1862))  ;  another  North  American  plant  of  the 
Kanunculacea  order,  which,  as  it  contains  about  4  per  cent,  of  crude 
iilkaloid,  and  is  readily  obtainable  in  England,  can  be  used  as  a  source 
of  the  alkaloid  (Perrins,  Ami.,  Suppl.  2,  173). 

Berberine  has  also  been  found  in  Woodumpar,  a  yellow  wood  from 
Upper  Assam,  in  the  root  of  Coptis  teda  or  Mahmira — a  plant  growing 
in  Hindoostan  and  China,  and  which  is  much  valued  in  India  on 
account  of  its  tonic  properties,  Perrins  {toe.  cit.,  p.  174),  who 
examined  this  source,  obtained  as  much  as  8|  per  cent,  berberine 
from  the  root — a  far  larger  quantity  than  has  up  to  the  present  been 
found  in  any  plant. 

The  French  chemists  Chevallier  and  Pelletan,  the  discoverers  of 
bez'berine,  although  they  carefully  and  accurately  described  some  of 
its  properties,    do  not   appear  to   have  made   any  analyses   of  their 
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product,  and  it  was  not  till  1835  that  anj  attempts  were  made  to 
ascertain  the  composition  of  this  interesting  substance.  In  this  year, 
Buchner  and  Herberger  (Annaleyi,  24,  228)  published  the  results  of 
an  important  series  of  experiments  on  this  alkaloid,  together  with  a 
number  of  analyses  of  the  base  itself,  and  also  of  its  compound  with 
oxide  of  silver.  These  experiments  led  them  to  the  supposition  that 
berberine  was  represented  by  the  formula  0331136^2012  (0  =  6:  0  =  8). 

At  a  later  date,  Fleitmann  made  a  careful  examination  of  berberine, 
and  showed  that  instead  of  being  a  weak  acid,  as  Buchner  had  sug- 
gested, it  was  in  reality  a  strong  base,  forming  with  acids  stable  salts, 
and  in  all  respects  showing  the  properties  of  a  well-defined  alkaloid. 

Fleitmann  analysed  not  only  berberine  itself  but  also  several  of  its 
salts,  and  the  results  of  his  experiments  led  him  to  the  conclusion 
that  the  formula  proposed  by  Buchner  was  erroneous,  and  that  the 
composition  of  this  base  was  04,iH]8N09  (0  =  6:0  =  8). 

In  the  year  1861,  J.  Dyson  Perrins  {Annalen,  Suppl.  2,  176)  pub- 
lished the  most  accurate  investigation  of  berberine  which  had  up  to 
that  time  been,  made,  in  the  course  of  which  he  analysed  a  large 
number  of  its  salts,  and  showed,  in  a  most  conclusive  manner,  that 
Fleitmann's  formula  was  inaccurate,  and  that  the  true  formula  was 
0.,oHnNO,  (0  =  12  :  O  =  16). 

Although  the  analytical  results  obtained  by  Perrins  agree  so  closely 
with  this  formula,  I  still  thought  it  necessary,  before  starting  an 
investigation  on  the  constitution  of  this  interesting  alkaloid,  to  repeat 
some  of  these  analyses  with  specially  purified  substances,  so  as  to  leave 
no  doubt  as  to  the  relation  of  the  carbon,  hydrogen,  niti'Ogen,  and 
oxygen-atoms  in  it.  The  berberine  used  in  these  experiments  was 
purified  in  the  following  manner  :^ 

Orude  berberine  hydrochloride  (from  Merck  in  Darmstadt)  was 
recrystallised  twice  from  water  acidified  with  hydrochloric  acid,  the 
beautiful  yellow,  silky  needles  dissolved  in  a  little  boiling  water,  and 
the  solution  rendered  alkaline  by  the  addition  of  an  excess  of  car- 
bonate of  soda  solution. 

On  cooling,  the  liquid  became  filled  with  brownish,  silky  crystals. 
These  were  filtered  from  the  dark  brownish-red  mother-liquor, 
washed  with  water  till  the  washings  were  only  slightly  yellowish, 
and  dried  on  a  porous  plate.  The  beautiful  silky  mass  thus  obtained 
was  next  dissolved  in  boiling  80  per  cent,  alcohol  (carefully  purified 
methylated  spirits  may  also  be  used)  from  which,  on  slowly  cooling, 
long,  yellowish-brown  needles  separated.  After  repeated  crystallisa- 
tion from  dilute  alcohol,  these  crystals  entirely  lose  their  original 
brownish  colour,  and  are  at  length  deposited  in  the  form  of  long, 
silky  needles  of  an  intensely  yellow  colour.  This  substance  was 
repeatedly  analysed  under  varying  conditions,  but  in  spite  of  this  no 
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satisfactory  results  could  be  obtained.  One  reason  for  tliis  is  that 
the  substance  contains  several  molecules  of  water  of  crystallisation,, 
part  of  which  is  given  off  slowly  at  ordinary  temperatures  and  part 
at  100°. 

The  substuTirc  dried  at  100°  is,  however,  never  free  from  water 
of  crystallisation,  and  if  attempts  are  made  to  drive  this  off  at  a  higher 
temperature,  slight  decomposition  invariably  takes  place  sufficient 
to  spoil  the  analytical  results.  Another  reason  for  the  difficulty 
experienced  in  obtnining  concordant  numbers  with  bcrberine  pre- 
pared in  this  way,  is  that  the  substance  almost  invariably  contains 
traces  of  chlorine. 

Experience  showed  that  the  niti-ate,  hydriodide,  and  platinochloride 
of  berberine  were  far  more  suitable  for  analytical  examination  than 
the  base  itself. 

Berheri)ie  Nitrate,  C2oHi7N04,HNOj. — This  salt  has  been  described 
by  both  Fleitmann  and  Perrins.  It  is  readily  prepared  by  adding  an 
excess  of  dilute  nitric  acid  to  a  warm,  concentrated  solution  of  the 
base.  The  nitrate  is  thus  precipitated  as  a  yellow  crystalline  mass, 
which  is  collected,  well  washed  with  water,  and  repeatedly  recrystal- 
lised  from  this  solvent.  In  this  way  beautiful  yellow  needles  were 
obtained  which,  after  drying  first  over  sulphuric  acid  in  a  vacuum 
and  then  at  100",  gave  the  following  results  on  analy.-  is  : — 

I.  0-1724   gram   substance  gave  0-0722   gram   HoO   and  0-3808 
gram  COo. 
II.  0-1638  gram  substance  gave  0-0679  gram   HoO    and   0-3621 
gram  CO2. 
III.  0-2056  gram  substance  gave  12-5  c.c.  N.  Bar  =  760  mm.  t  = 

1"  o 
O    . 

Found. 

Theory.  . * : — 

CooH,-NO„HN03.  I.  II.  III. 

C 60-30  p.  c.  60'2-i  60-27  —  p.  c. 

H 4-52     „  4-65  4-52  —       „ 

N 7-04    „  —  —  7-16     „ 

O 28-14    „  _'  _  _      „ 

These  numbers  agree  well  with  those  previously  found  by  Fleit- 
mann  and  Perrins,  but  not  so  well  with  those  given  by  Henry. 

Fleitmann.  Henrv. 

( '' ^  Perrins.  , * ^ 

C 60-15       59-64  p.  c.  60-19  p.  c.  59-09       5944  p.  c. 

H  .  . .       4-75        4-62     „  4-60     „  4-85        484    „ 

This  salt  is  readily  soluble  in  hot  water,  sparingly  in  cold,  and 
almost  insoluble  in  dilute  nitric  acid. 
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If  tlie  Lot  solution  of  berberine  nitrate  be  mixed  with  a  small 
quantity  of  ammonia,  on  cooling  a  remarkable  compound  separates  in 
sparingly  soluble  golden  plates.  I  have  not  as  yet  been  able  to 
determine  the  nature  of  this  substance,  but  from  the  analyses  already 
carried  out  it  appears  to  have  the  formula  CaoHouNaOg. 

(Found  C  =  55-2.  H  =  4-8.  N  =  6-80.  Theory  requires  C  = 
55-55.   H  =  4-63.     N"  =  G-48.) 

I  am  at  present  engaged  in  the  investigation  of  this  substance. 

Berberine  Hydriodide,  C2uHnN04,HI. — This  very  insoluble  salt  is 
obtained  as  a  yellow  precipitate  when  an  aqueous  solution  of  berbe- 
rine is  acidified  with  a  few  drops  of  aqueous  hydrogen  iodide — or 
■when  potassic  iodide  is  added  to  a  solution  of  nitrate  of  berberine. 
The  salt  was  collected,  well  washed  with  water,  dried  on  a  porous 
plate,  and  recrystallised  from  a  large  quantity  of  boiling  80  per  cent, 
alcohol. 

In  this  way,  beautiful  satiny  needles  were  obtained  which  on 
analysis  gave  the  following  numbers:  — 

I.  0*1460  gram    substance  gave    0"0523   gram    HjO    and   0"2767 
gram  COo. 
II.  0'3561  gram  substance  gave  0'1795  gram  Agl. 

Found. 

Theory.  f * ^ 

aoHijNU^HI.  I.  II. 

C 51-83  p.  e.  51-68  —    p.  c. 

H 3-88     „  3-98  —      „ 

1 27-43     „  —  27-25    „ 

Perrins  and  Henry,  who  also  analysed  this  salt,  obtained  numbers 
agreeing  closely  with  the  above. 

Perrins. 

t ' ^  Henry. 

C 51-72         51-77  p.  c.  51-59  p.  c. 

H 3-92  3-96     „  4-23     „ 

1 2702         27-12     „  25-71     „ 

Berlerine  Platinocldoride,  (CjoHnN04)2,H2PtCl6.— This  double  salt 
has,  on  account  of  its  insolubility  and  suitability  for  determining  the 
molecular  weight  of  berberine,  been  repeatedly  examined.  It  is 
readily  prepared  by  adding  platinum  chloride  in  excess  to  a  slightly 
acid  solution  of  berbei-ine  hydrochloride.  The  yellow  precipitate 
thus  thrown  down  was  collected,  well  washed  with  water,  dried  on  a 
porous  plate  over  sulphuric  acid,  and  then  at  100°,  and  analysed  with 
the  following  results  : — 
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I.  0"2251  gram  substance  g'ave  00708  gram  HoO,  0'3657  gr;ini 
COo,  and  0-0-iil(J  gram  Ft. 
IT.  0"68u7  gram  substance  gave  0'1228  gram  Pt. 
TIL  0-2780  gram  substance  gave  0-2192  gram  AgCl. 


Found. 


Tlieorv. 


(a„H,;A^OJo,H.2PtCl6.                   I.  H.               Ill 

C 44-47  p.  c.  44-31  —             —    p.  c. 

H :);i.3     „                     3-49  —             —        „ 

Pt  ....     18-02     „  18-03  18-08           — 

Ci 19-73     „                     —  —  19-50      „ 

Previous  analyses  of  this  salt  by  Fleitmanii,  Perrins,  and  Henry 
gave  the  following  results,  which  are  in  each  case  the  mean  of  a 
number  of  experiments  :  — 

Pleitmann.  Henry.  Perrins. 

C 44-40  p.  c.  44-38  p.  c.  4433  p.  c. 

H 3-50     „  3-57     „  3-41     „ 

Pt  18-11     „  17-90     „  18-21     „ 

This  salt  is  almost  insoluble  in  all  the  ordinary  solvents.  It  crystal- 
lises from  its  solution  in  boiling  amyl  alcohol,  on  cooling  in  small, 
yellow  needles,  but  it  is  extremely  insoluble  in  this  solvent  even 
on  boiling. 

The  analyses  of  these  tbree  salts  sbow  conclusively  that  the  correct 
formula  for  berberine  is  C2oHnNOi.  For  a  complete  list  of  the  various 
berberine  salts  which  have  from  time  to  tinae  been  analysed  by 
different  investigators,  I  must  refer  to  a  paper  by  Hlasiwetz  and 
Gilm  {Annalen,  Suppl.  2,  197 — 201)  ;  and  also  to  a  recent  paper  by 
Ernst  Schmidt  (2Iittheihmgen  aus  pharm.  chevi.  Institut,  Marburg), 
which  I  have  only  lately  had  the  opportunity  of   consulting. 

In  his  researches  on  berberine  {loc.  cit.),  Fleitmann  states  that 
it  crystallises  from  water  with  4|  mols.  HoO.  Several  analyses 
which  1  made  with  different  samples  agree  rather  with  the  formula 
C20H17NO4  +  5|-  HoO.  In  these  experiments  the  berberine  used 
was  prepared  by  FJeitmann's  method,  very  carefully  purified  by 
repeated  recrystallisation  from  water,  and  then  dried  in  the  air  on 
a  porous  plate  at  the  ordinary  temperature.  Determinations  of  the 
amount  of  water  of  crystallisation  given  off  at  100°  gave  the  following 
results  : — 

I.  1-5241  gram  substance  heated  to  100°  till  constant  lost  0-1944 
gram. 
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II.  0-5SS3  gram  substance  heated  to  100°  till  constant  lost  0-0702 
gram. 

III.  0"G444<  gram  substance  beated  to  100°  till  constant  lost  0'0758 

gram . 

IV.  0"7017  gi-am  substance  boated  to  100°  till  constant  lost  O'OSoI 

gram. 

Found.  I.  IT.  III.  IV. 

H2O 127  11-9  11-9  121  p.  c. 

Complete  analyses  of  different  preparations  of  berberine  dried  at 
100°  till  constant  gave  the  following  numbers  : — 

I.  0"2.385  gram  substance  gave  0'1239  gram  HoO  and  0o5.50  gi-am 
CO3. 
II.  0'2095  gram  substance  gave  0  1041  gram  HoO  and  0"4877gram 
COo. 

III.  0'1316  gram  substance  gave  0'0666  gram  HoO  and  0"3032  gram 

CO2. 

IV.  0-34.30  gram  substance  gave  11-4  c.c.  IST.     t  =  16-5°.     Bar.  = 

736  mm. 

Found. 
Theory. 


C00H17NO4  +  2iH20.  I.  II.  III.  lY. 

C 63-16  p.  c.  63-08  63-49  6383  —  p.  c. 

H    ....        5-78     „  5-77  5-52  5-66  —     „ 

^   ....       3-68    .,  _  _  _  3-72  „ 

From  these  analyses,  it  seems  probable  that  berberine  dried  at  100° 
still  contains  2^  mols.  H20,  and  that  the  air-dried  substance  originally 
contained  5^  mols.  HoO,  3  of  which  are  driven  off  at  100°.  This 
would  require  a  loss  of  12-4  per  cent.,  which  agrees  approximately 
with  the  numbers  given  above. 

Hermann  Schreiber  {Dissertation  Marburrj,  1888)  is  of  opinion  that 
berberine  crystallises  with  6  mols.  HoO,  all  of  which  is  expelled  at  100° 
in  a  stream  of  hydrogen. 

ProiJerties  of  Berberine. 

Berberine  crystallises  from  water  in  brilliant,  yellow  needles,  which 
when  dried  in  the  air  have  a  fine  silky  lustre.  The  base  itself  and 
also  its  salts  are  remarkable  for  their  excessively  bitter  taste ;  when 
warmed,  they  emit  a  faint  but  peculiar  odour  strongly  resembling  that 
of  ordinary  quinone. 

When  heated  to  100'',  the  yellow  berberine  crystals  gradually  lose 
their  lustre,  and  become  yellowish-brown,  at  110°  the  change  is  very 
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rapid,  and  at  temperatures  above  160°  total  decomposition  soon  sets 
ill  with  formation  of  a  brownish-black  mass,  from  which  I  have  not 
as  yet  been  able  to  obtain  anything  of  a  crystalline  nature. 

On  account  of  this  behaviour  of  berberine  when  heated,  I  have  not 
made  any  attempts  to  determine  its  meltinij  point.  Fleitmann  (loc. 
rit.)  gives  as  the  melting  jioint  of  berberine  120°,  but  this  is  certainly 
too  low. 

If  bromine- water  be  added  to  even  ver^-  dilute  solutions  of  ber- 
berine, a  yellow  precipitate  is  produced,  which  on  standing  rapidly 
liecomes  darker.  If  the  product  is  collected  and  washed  with  dilute 
sulphurous  acid,  a  yellowish-orange  mass  is  obtained,  crystallising 
from  large  quantities  of  boiling  water  in  needles,  which  appear  to 
consist  of  the  hydrobromide  of  a  new  base.  Schreiber  (luc.  cit., 
]).  38)  considers  this  substance  to  be  simply  berberine  hydrobro- 
mide. 

Berberine  not  only  combines  with  acids  to  form  salts,  but  it  also 
gives  peculiar  compounds  with  alkalis.  The  addition  of  methyl  alco- 
holic potash  to  a  strong  solution  of  berberine  in  alcoholic  potash 
produces  a  pinkish- white,  amorphous  pi^ecipitate,  which  contains  con- 
siderable quantities  of  inorganic  matter.  The  analyses  of  this  compound 
have  not  as  yet  given  satisfactory  results. 

Berberine  does  not  appear  to  combine  either  with  hydroxylamiue  or 
phenylhydrazine,  and  although  the  alkaloid  dissolves  readily  in  a 
mixture  of  oxychloride  and  pentachloride  of  phosphorus,  no  change 
seems  to  take  place  even  when  the  mixture  is  allowed  to  remain  for  a 
long  time  at  ordinary  temperatures. 

Before  publishing  the  details  of  the  experiments  which  have 
been  made  in  this  direction,  I  propose  to  confirm  the  results  already 
obtained,  by  using,  instead  of  the  alkaloid  itself,  some  salt,  such  as 
the  nitrate,  which  contains  no  water  of  crystallisation. 

In  its  behaviour  towards  reagents,  berberine  shows  the  following 
characteristic  reactions : — 

It  dissolves  in  concentrated  sulphuric  acid,  forming  a  yellow  solu- 
tion, which  on  warming  turns  olive-green. 

Very  dilute  solutions  of  berberine  give  with  chlorine-water  a 
decided  brownish-red  coloration,  whilst  strong  solutions  are  coloured 
intensely  by  this  reagent.  Reducing  agents,  such  as  tin  and  hydi-o- 
chloric  acid,  destroy  this  colour,  which,  however,  reappears  on  the 
further  addition  of  chlorine- water. 

Concentrated  nitric  acid  dissolves  berberine,  forming  a  dark,  red- 
dish-brown solution,  from  which  water  precipitates  a  yellow,  flocculent 
mass,  partly  soluble  in  ammonia.  If  the  brown-red  solution  in  nitric 
acid  be  warmed,  oxidation  rapidly  sets  in  with  evolution  of  abundance 
of  red  fumes,  and  formation  of  a  yellow  solution  which  contains  ber- 
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beronic  acid,  oxalic  acid,  and  other  products.  Potassium  ferricyanide 
in  alkaline  solution  gives  with,  berberine  a  yellow  precipitate,  being 
itself  for  the  most  part  reduced  to  ferrocyanide. 

If  a  trace  of  berberine  be  boiled  for  a  short  time  with  concentrated 
aqueous  hydrogen  iodide,  the  product  diluted  with  water  and  ren- 
dered slightly  alkaline  by  the  addition  of  ammonia,  an  intense  blackish- 
violet  coloration  is  produced. 

Berberine  is  also  characterised  by  the  insolubility  of  some  of  its 
compounds,  as,  for  instance,  its  hydriodide,  platinochloride,  auro- 
chloride,  chromate,  &c.,  whilst  a  number  of  soluble  salts,  such  as  the 
nitrate,  are  rendered  almost  insoluble  by  the  addition  of  a  mineral 
acid. 

A  solution  of  iodine  in  potassic  iodide  gives  with  extremely  small 
quantities  of  bei'bei'ine  salts  a  brownish  precipitate  of  the  periodide, 
C2oHnN'04,HI,l2.  If  the  precipitation  be  carefully  condurted  in  warm 
alcoholic  solution,  beautiful,  shining,  green  plates  separate. 

Berberine  ffijdrochloride,  CooHnN04,HCl  +  2H.,0.— This  beautiful 
salt  crystallises  from  water  in  long,  yellow  needles.  As  mentioned  at 
the  commencement  of  the  paper,  this  salt,  in  spite  of  its  beautiful 
appearance,  does  not  give  very  satisfactory  results  on  analysis. 

If  attempts  are  made  to  dry  it  at  100°,  in  a  short  time  the  yellow 
colour  of  the  crystals  gradually  changes  to  brownish-yellow,  and  then 
to  brownish-red,  small  quantities  of  hydrochloric  acid  being  invariably 
lost  during  the  operation.  Analysis  of  the  pure  substance  dried  over 
sulphuric  acid  gave  numbers  agreeing  fairly  well  with  those  required 
by  the  formula  C2oHi7N04,HCl  +  '2H,0. 

I.  0'2075  gram  substance  gave  0"1057  gram  H3O   and  0'4461  gram 
CO2. 
II.  0'1557  gram  substance  gave  0*0792  gram  H2O   and  0'3383  gram 

CO2. 
III.  0"509I   gram  substance  gave  I6'5  c.c.  N.     Temp.  =  17°.     Bar. 
727  mm. 

Found. 


Theory.  , '- .^ 

CroH,;N04,HGl  +  2H2O.  I.                II.             III. 

C   58-89  p.  c.  68-63         59-25          —    p.  c. 

H 5-39     „  5-66           5-65          —      „ 

N 3-43     „  —             —          3-63    „ 

The  difficulty  in  obtaining  good  results  in  the  analysis  of  this 
substance  is  partly  accounted  for  by  the  fact  that  the  salt  dried  as 
above  is  so  excessively  hygroscopic  as  to  render  it  very  difficult  to 
weigh  it  out  with  the  necessary  degree  of  accuracy. 

As  the  result  of  a  number  of  careful  analyses,  E.  Schmidt  (loc.  cit., 
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p.  .■>4)  hns  shown  that  berberine  hydrocblox-ide  crystallises  from  dilute 
alcohol  with  4  mols.  HjO. 


Oxidation  of  Berberine  with  Potassium  Fermangannte. 

In  most  of  the  investigations  on  the  constitution  of  the  alkaloids 
which  have  up  to  the  present  time  been  carried  out,  it  has  been 
found  that  the  careful  examination  of  the  behaviour  of  this  class  of 
substances  towards  oxidising  agents  has  almost  invariably  given 
interesting  results,  and  in  some  cases  very  important  clues  as  to  their 
structure. 

The  molecule  of  the  alkaloid  is  usually  split  up,  yielding  acids  of 
much  simpler  constitution,  such  as  hemipinic  acid  (from  narcotine), 
carboxylic  acids  of  pyridine,  quinoline,  and  their  derivatives  (in 
the  case  of  quinine,  cinchonine,  &c.),  &c.,  although  in  some  cases  acids 
containing  nearly  the  same  number  of  carbon-atoms  as  the  alkaloid 
employed  are  obtained. 

One  of  the  most  remarkable  examples  of  the  value  of  careful 
oxidation  in  investigating  an  alkaloid  is  that  of  papaverine,  from 
which  by  the  use  of  potassium  permanganate  under  various  condi- 
tions Goldschmiedt  was  able  to  obtain  among  other  substances  papa- 
verinic,  veratric,  hemipinic,  pyridinetricarboxylic,  and  diuiethyl- 
oxycinchoninic  acids  and  papaveraldine. 

Experiments  on  the  oxidation  of  berberine  with  potassic  per- 
manganate have  already  been  made  by  E.  Schmidt  and  C.  Schilbach 
{Arch.  Pharm.  [3],  25,  164—170  ;  Abstr.,  1887,  604),  who  obtained 
thus  considerable  quantities  of  hemipinic  acid. 

In  some  preliminary  experiments  on  berberine  made  early  in 
1887,  I  also  obtained  hemipinic  acid  in  considerable  quantities  by  the 
oxidation  of  berberine  with  alkaline  permanganate,  and  lately,  in  view 
of  the  remarkable  results  obtained  by  Goldschmiedt  in  his  examina- 
tion of  hemipinic  and  isohemipinic  acids  (Monats.,  1888,  861),  I 
have  again  very  carefully  studied  this  decomposition,  partly  with 
the  object  of  determining  whether  the  acid  obtained  is  simply 
hemipinic  acid  or  a  mixture  of  this  acid  with  metahemipinic  acid, 
and  partly  from  a  desire  to  obtain  some  substance  intermediate 
between  berberine  and  this  acid,  which  might  afford  some  clue  to  the 
constitution  of  the  alkaloid. 

The  first  experiments  were  carried  out  almost  exactly  in  the 
way  Goldschmiedt  recommends  in  his  first  paper  on  papaverine 
(Monats.,  1885,  1112). 

30  grams  of  pure  berberine  hydrochloride  were  dissolved  in 
1  litre  of  boiling  water,  the  salt  decomposed  by  the  addition  of 
6  grams  of  potassic  carbonate,  and  then  oxidised  by  slowly  running 
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in  150  grams  of  potassic  permansj:anate  dissolved  in  3  litres  of  hot 
water.  At  first  the  oxidation  is  very  rapid,  but  as  soon  as  about 
two-thirds  of  the  permanganate  have  been  added,  decolorisation  takes 
place  much  more  slowly,  continued  boiling  being  necessary  to  remove 
the  last  traces  of  the  oxidiser. 

At  the  end  of  this  operation,  the  product  was  saturated  with 
carbonic  acid,  filtered  through  a  cloth  filter,  and  the  manganese  pre- 
cipitate well  pressed  ;  this  was  then  carefully  extracted  by  repeated 
boilino-  with  water,  and  pressing  in  a  vice.  The  filtrate  and  washings 
were  evaporated  to  dryness,  the  residue  pulverised  and  repeatedly 
exhausted  with  boiling  absolute  alcohol  (or  purified  methylated  spirits), 
the  alcoholic  solution  distilled,  and  the  residue,  after  freeing  it  from 
the  last  traces  of  alcohol  by  gently  warming  on  a  water-bath,  was  dis- 
solved in  a  little  water  and  filtered.  On  acidifying  with  dilute  sul- 
phuric acid,  the  brown  aqueous  solution  deposits  a  small  quantity  of 
a  resinous  precipitate,  from  which,  however,  nothing  crystalline  could 
be  obtained.  It  was  removed  by  filtration,  the  clear  filtrate  extracted 
20  times  with  pure  ether,  the  ethereal  solution  dried  over  calcic 
chloride  and  evaporated,  and  the  brownish  residue  thus  obtained 
was  allowed  to  remain  for  some  days  over  sulphuric  acid  in  a  vacuum. 
The  crude  semi-solid  mass  was  then  roughly  purified  by  spreading  it 
on  a  porous  plate,  and  afterwards  repeatedly  recrystallised  from  boiling 
water.  In  this  way  beautiful  transparent  crystals  were  obtained, 
which  on  analysis  gave  numbers  agreeing  with  those  required  for 
hemipinic  acid  : — 

0"1827  gram  substance  gave  0-0720  gram  HjO  and  0-3550  gram  CO2. 

Theory. 

CioHiuOg.  Found. 

C 53-10  per  cent.  62-99  per  cent. 

H 4-42         „  4-38 

0 42-48         „  4273 

Determination  of  water  of  crystallisation  : — 

0-8878  gram  of  substance  heated  to  100°  till  constant  lost  0-1236 
gram  =  13-92  per  cent.  Theory  for  CmHioOe  +  H2O  =  1374  per 
cent. 

Considerable  difference  of  opinion  exists  as  to  the  melting  point  of 
hemipinic  acid.  Wegscheider  (Mowais.,  3,  351)  gives  175 — 179°  for 
the  acid  from  narcotine ;  Liebermann  (Ber.,  19,  2279),  180 — 181°, 
and  Griine  (Ber.,  19,  230)  180°,  whereas  E.  Schmidt  and  Schilbach 
(Arch.  Pharm.,  225,  164)  found  for  the  hemipinic  acid  prepared 
by  them  from  berberine,  and  also  for  the  acid  from  narcotine,  the 
low  melting  point  160 — 161°.     GoLlschmiedt,  who    has   lately  most 
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carefully  re-examined  the  hernipinic  acid  from  narcotine,  found 
that  although  when  rapidly  heated  it  melted  at  172 — 175"  with 
decomposition  into  anhydride  and  water,  yet  when  slowly  heated 
it  melted  at  160 — 161°.  I  have  repeated  these  experiments  Avith  the 
hemipinic  acid  from  bei-berine,  and  although  I  can  corroborate  the 
experience  of  Goldschmiedt  that  the  melting-  point  varies  considerably 
a{;cording  to  the  rapidity  of  the  heating,  still  I  have  never  been  able 
to  observe  a  melting  point  lower  than  170°.  When  heated  moderately 
rapidly,  the  acid  obtained  as  above  melts  regularly  at  177 — 178"  with 
decomposition. 

In  studying  the  action  of  small  quantities  of  permanganate  on 
berberine,  I  subsequently  obtained  an  acid,  doHioOe,  of  totally  different 
appearance,  which  melted  at  159 — 160°  with  decomposition,  and  thus 
showed  all  the  properties  of  hemipinic  acid  from  narcotine. 

As  1  was,  therefore,  not  quite  satisfied  that  the  acid  obtained  as 
described  above,  melting  at  177 — 178°,  was  hemipinic  acid  and  not 
metahemipinic  acid,  I  carefully  examined  my  product  in  the  way 
suggested  by  Goldschmiedt  (Monats.,  1888,  870). 

In  his  researches  on  papaverine,  Goldschmiedt  obtained  by  the  oxi- 
dation with  alkaline  permanganate  an  acid  of  the  formula  CioHmOs, 
which  from  its  properties  (m.  p.  174 — 175°,  water  of  crystallisation,  &c.) 
he  at  first  supposed  to  be  identical  with  the  hemipinic  acid  from  narco- 
tine. The  further  study  of  the  constitution  of  papaverine,  however, 
showed  that  these  two  acids  could  not  be  identical,  but  must  be 
isomeric  merely,  a  conclusion  which  was  borne  out  by  the  further 
examination  of  their  properties.  As  both  these  acids  on  fusion  with 
potash  give  protocatechuic  acid,  and  both  are  orthocarboxylic  acids, 
their  constitution  must  be  represented  by  the  formulae — 


CHoQ/^^COOn  CHaO.^COOH 


1      ICOOH  CH3OI      ICOOH 

Hemipinic  acid  from  Metahemipinic  acid  from 

narcotine.  papaverine. 

In  examining  the  hemipinic  acid  from  berberine,  I  first  made  a 
determination  of  the  methoxyl-groups  according  to  Zeisel's  method 
(decomposition  with  hydrogen  iodide  and  determination  of  tlie 
amount  of  methyl  iodide  formed  by  leading  into  an  alcoholic  solution 
of  silver  nitrate,  and  estimating  the  silver  iodide  precij^itated  (Monats., 
1883,  704),  with  the  following  results:  — 

0*2740  gram  substance  dried  at  100°  gave  0"7350  gram  Agl. 
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Tlieorv  for 
Found.  CioHJoOg. 

OCH;..  .  . .      27'74  per  cent,  27"43  per  cent. 

In  order,  then,  to  prove  that  the  acid  from  berberine  was  a  deriva- 
tive of  pyroeatechol,  a  small  quantity  was  decomposed  by  fusion  with 
potash.  2  grams  of  the  pure  acid  was  dissolved  in  a  little  potash, 
the  solution  evaporated  to  dryness,  and  the  residue  fused  in  a  silver 
dish  with  50  grams  of  pure  caustic  potash  and  a  little  water  for  about 
half  an  hour.  The  resulting  almost  colourless  melt  was  dissolved  in 
water  and  acidified  with  dilute  sulphuric  acid,  during  which  operation 
the  solution  became  first  blue,  then  violet,  and  lastly  reddish,  but 
remained  clear.  It  was  extracted  several  times  with  ether,  the 
ethereal  solution  dried  over  calcic  chloride,  and  the  ether  distilled  off ; 
in  this  way,  a  crystalline  residue  was  obtained  which,  after  recrystal- 
lising  once  or  twice  from  a  little  water,  gave  the  following  results  on 
analysis : — 

0'1217  gram"  substance  dried  at  100°  gave  0-0442  gram  H2O  and 
0-2436  gram  CO2. 

Theory. 

C;Hg6,.  Found. 

C 54-56  per  cent.  54-59  per  cent. 

H 3-89         „  4-03 

0 4-56         „  4-48 

A  determination  of  the  water  of  crystallisation  gave  the  following 
results : — 

0-3326  gram  of  air-dry  substance  dried  at  100°  lost  00347  gram. 

Tlieorv. 
CjHhO^  h-'HoO.  Found. 

H2O 10-46  per  cent.  10-43  per  cent. 

This  acid  has,  therefore,  the  composition  of  protocatechuic  acid, 
with  which  it  agrees  in  all  its  properties. 

It  crystallised  from  hot  water  in  needles  melting  at  195 — 196°. 
The  aqueous  solution  gives  with  ferric  chloride  a  deep,  emerald-greeu 
coloration,  which,  on  the  careful  addition  of  sodic  carbonate  solution, 
becomes  first  blue,  then  violet,  and  at  last  red.  It  reduces  an  am- 
moniacal  silver  solution  at  once,  gives  with  lead  acetate  a  white 
precipitate  soluble  in  acetic  acid,  and  on  heating  is  decomposed  into 
carbonic  anhydride  aiid  a  white  crystalline  sublimate  which  shows  all 
the  reactions  of  pyroeatechol.  These  reactions,  however,  do  not  deter- 
mine whether  the  acid  obtained  from  berberine  is  hemipinic  or  meta- 
hemipinic  acid,  as  both  these  acids  contain  two  methoxyl-groups,  and 
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botli  on  fusion  with  potash  yiehi  protocatecliuic  acid.  These  two  acids 
can,  however,  be  readily  distino^uished  by  conversion  into  their  ethyl- 
imides;  the  ethyl imide  of  hemipinic  acid  melting  at  90°,  Avliilst  that 
of  metahemipinio  acid  melts  at  226 — 227°. 

In  order  to  prepare  the  ethylimide  of  the  acid  from  berberine,  the 
pure  substance  was  dissolved  in  an  aqueous  solution  of  ethylamine, 
the  solution  evaporated  to  dryness  on  a  water- bath,  and  the  residue 
distilled  from  a  small  retort.  The  solid  distillate  was  dissolved  in  a 
little  boiling  methyl  alcohol  and  allowed  to  stand,  when  beautiful 
needle-shaped  crystals  "were  obtained,  wliich  on  analysis  gave  the 
following  numbers : — 

0'1753  gram  substance   gave  9*7  c.c.  N.     Bar.  =  700  mm.     t  = 
14-0". 

Tlieorv. 
Ci2lT,:,Nbj.  Found. 

N 5 "96  per  cent.  6"09  per  cent. 

This  ethylimide  melts  at  94 — 95°,  but  when  recrj'stallised  from 
water,  at  96°,  and  shows  all  the  properties  of  ethylhemipinimide,  pre- 
pared hy  Liebermann  by  the  action  of  ethyl  iodide  on  the  potassium- 
derivative  of  hemipinimide.  It  is  therefore  proved  beyond  doubt  that 
hemipinic  acid  from  berberine  is  identical  with  that  obtained  from 
narcotine.* 

Besides  hemipinic  acid,  there  are  small  quantities  of  at  least 
two  other  acids  formed  when  berberine  is  oxidised,  with  perman- 
ganate in  the  proportions  given  above,  both  of  which  are  present 
in  the  potassic  carbonate  residues,  from  which  the  potash  salt  of 
hemipinic  acid  has  been  extracted  with  alcohol.  These  residues 
were  dissolved  in  a  small  quantity  of  water,  neutralised  with  acetic 
acid,  and  treated  with  acetate  of  copper.  On  long  standing  in  a 
warm  place,  the  green  solution  thus  produced  deposited  a  small 
quantity  of  a  light  bluish-green  precipitate.  This  was  collected,  well 
washed  with  water,  and  decomposed  by  passing  sulphuretted  hydrogen 
through  the  salt  suspended  in  boiling  water  ;  the  filtrate,  on  evapora- 
tion, gave  a  small  quantity  of  a  crystalline  residue  which  on  examina- 
tion was  found  to  contain  nitrogen. 

On  recrystallising  from  water,  small  nodular  crystals  were  obtained, 
melting  at  238 — 242°.   These  gave  on  analysis  the  following  numbers : — 

0"2029  gram  substance  gave  14-5  c.c.  N".     Bar  =  759.     t  =  14°. 

Theory. 
CsHjNOg  +  HoO.  Foimd. 

N"    6"11  per  cent.  6"48  per  cent. 

*  Tliis  confirms  tlie  results  obtained  bj  E.  Scliraidt  (loc.  ciL,  63 — 73). 

G    2 
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Unfortunately  tlie  amount  of  this  acid  obtained  bj  this  reaction  wns 
too  small  to  allow  of  further  experiments  being  made  to  determine 
its  composition,  but  from  its  melting  point  and  analysis  it  would 
appear  to  be  either  carbocincbomeronic  acid  or  berberonic  acid. 
This  is  the  more  probable,  as  berberine  when  oxidised  by  nitric  acid 
yields  berberonic  acid.  It  is  interesting  to  notice  that  E.  Smith  and 
C.  Schilbanh  (Arch.  Pharm.  [3],  25,  1H4 — 170)  in  their  experiments 
on  the  oxidation  of  berberine  with  permanganate,  also  noticed  the 
formation  of  a  nitrogenous  acid,  crystallising  in  nodular  crystals,  and 
melting  at  218 — 220°.  The  silver  salt,  however,  gave  numbers 
showing  this  acid  to  be  a  pyriclinemonocarboxylic  acid  (nicotinic 
acid  r). 

The  mother-liquor  from  the  copper  salt  was  treated  with  sul- 
phuretted hydrogen,  filtered  from  the  precipitated  sulphide  of  copper, 
and  subacetate  of  lead  added  so  long  as  a  precipitate  was  produced. 
The  lead  salt  was  collected,  well  washed,  suspended  in  water,  decom- 
posed with  sulphuretted  hydrogen,  and  the  filtered  solution  evaporated 
to  dryness. 

The  residue,  when  dissolved  in  a  small  quantity  of  boiling  Avater, 
and  the  solution  allowed  to  cool  slowly,  deposited,  after  some  time,  a 
quantity  of  crystals  ;  these,  on  examination,  were  found  to  consist  of 
two  distinct  substances,  the  one  crystallising  in  thick,  brownish 
prisms,  and  the  other  in  long,  colourless  needles.  The  brownish 
prisms  were  mechanically  separated,  recrystallised  several  times  from 
water,  and  the  colourless  crystalline  mass  thus  obtained  dried  at  100°, 
and  analysed  with  the  following  result : — 

0'1932    gram    substance  gave  0'0777  gram  HoO  and  0"3763  gram 
CO2. 

Theory  CjoHioOg.  Found. 

C     53'10  per  cent.  53'12  per  cent. 

H 4-42       „  4-47 

0 42-48       „  42-41 

As  this  substance  melted  at  177 — 178°,  there  can  be  no  doubt  that 
it  was  simply  hemipinic  acid,  with  which  it  agreed  in  all  its 
reactions. 

The  needle-shaped  crystals  obtained  from  the  lead  salt  together 
with  the  hemipinic  acid,  after  recrystallisation  from  water,  were 
found  to  consist  of  pure  oxalic  acid.  It  is  very  remarkable  that  in 
the  oxidation  of  berberine  with  alkaline  pei'manganate  so  little  oxalic 
should  be  formed.  The  amount  actually  obtained  from  GO  grams  of 
berberine  was  but  little  more  than  3  grams. 

From  the  above  it  will  be  seen  that  V-erberine,  when  oxidised  with 
an   exoe.ss  of  potassium   permanganate,  yields  principally  hemipinic 
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acid,  tlie  other  oxiilatimi  products  isolated  being  formed  only  in 
very  small  quantitj.  In  this  respect,  berberine  diffeis  very  widely 
from  papaverine,  which,  under  similar  conditions,  yields  a  number  of 
important  decomposition  products,  such  as  papaverinic  acid,  CisHisNO;, 
veratrinic  acid,  C9Hi„04,  metahemipinic  acid,  CioH,„Ob,  a-pyridine- 
tricarboxylic  acid,  CgHsNOe,  &c.,  all  of  which  are  found  in  consitler- 
able  quantity  in  the  product  of  the  oxidation.  'J"he  reason  for  this  is 
that  berberine  and  its  derivatives  are  so  very  readily  oxidised,  that 
nidess  a  limited  amount  of  permanganate  is  used,  and  the  oxidation 
very  cai'efully  carried  out,  the  whole  molecule  is  split  up,  yielding 
principally  hemipiuic  acid.  As  the  result  of  a  very  large  number  of 
experiments  carried  out  under  a  great  variety  of  conditions,  it  has, 
however,  been  found  possible  to  arrest  the  oxidation  before  it  has 
gone  as  far  as  hemipinic  acid,  and  in  this  wa,y  several  new  substances 
have  been  isolated,  the  study  of  which  it  is  hoped  will  furnish  some 
important  clue  as  to  the  constitution  of  this  interesting  alkaloid. 

In  experimenting  on  the  formation  of  these  new  derivatives  I  have 
found  it  necessary  to  work  with  small  quantities  at  a  time  (never 
more  than  7  grams  of  berberine  in  one  operation),  as  when  large 
quantities  are  used,  even  under  precisely  similar  conditions  of  tem- 
perature and  amount  of  oxidiser,  very  small  yields  are  obtained. 

The  best  results  have  been  obtained  with  the  following  quan- 
tities : — 

5  grams  berberine  (dried  at  the  ordinary  temperature). 
9       ,,      potassic  pji'mangauate. 
H     ,,  ,,         carbonate. 

The  potassic  permanganate  and  carbonate  are  dissolved  in  half  a 
litre  of  water  of  90°,  and  the  solution  very  slowly  run  through  a 
separating  funnel  or  burette,  into  a  hot  solution  (90°)  of  the  berberine 
(iu  a  quarter  of  a  litre  of  water),  the  whole  being  well  stirred  during 
the  operation.  As  soon  as  all  the  permanganate  has  been  added  (the 
oxidation  requires  about  10 — 15  minutes),  the  product  is  transferred 
to  a  flask,  cooled  well  under  the  tap,  and  the  manganese  precipitate 
brought  into  solution  by  passing  a  slow  stream  of  sulphurous  acid 
into  the  mixtui-e.  In  this  way  a  slightly  yellowish  liquid  is  obtained, 
in  which  are  suspended  small,  yellowy  fiocculent  particles.  These  are 
collected,  well  washed  with  Avater,  and  freed  from  the  last  traces  of 
mother-liquor  by  spreading  them  on  a  porous  plate.  The  purification 
of  the  resulting  amorphous  yellow  mass  which  contains  at  least  three 
neAv  substances,  is  a  very  difficult  operation,  and  has,  up  to  the  present, 
only  been  successfully  carried  out  when  the  following  conditions  have 
been  carefully  observed. 

The  well  washed  residue  is  suspended  in  water  and  well  agitated 
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at  a  temperature  of  about  40'',  with  a  slight  excess  of  sodic  carbonate, 
by  which  treatment  the  crude  product  is  separated  into  two  portions, 
the  one  soluble,  the  other  insoluble  in  carbonate  of  soda ;  these  are 
separated  by  tiltration. 

The  new  acid  contained  in  the  brownish-coloured  filtrate  is  de- 
posited on  the  addition  of  an  acid  in  the  form  of  an  amorphous  yellow 
precipitate,  which,  on  account  of  the  presence  of  a  quantity  of  a 
resinous  substance,  can  only  with  difficulty  be  obtained  in  a  crystal- 
line condition.  The  method  of  purificatitm  which  has  given  the  best 
results  is  the  following  : — The  solution  in  sodic  carbonate  is  nearly 
neutralised  wdth  dilute  sulphuric  acid,  and  the  new  acid  fi-actionally 
precipitated  in  three  fractions  by  running  into  the  well-stirred 
solution  a  fine  stream  of  very  dilute  sulphuric  acid.  The  first  fraction 
should  be  about  one-fourth,  the  second  one-half,  the  third  one-fourth 
of  the  whole.  The  second  fraction  is  carefully  washed,  dried  on  a 
porous  plate,  dissolved  in  a  little  methyl  alcohol,  and  the  solution  trans- 
ferred to  a  flat  dish,  and  allowed  to  evaporate  completely  at  the 
ordinary  temperature.  During  the  evaporation,  the  new  acid  separates 
in  yellow  nodular  masses,  covered  with  a  transparent  resin,  which  is 
invariably  deposited  along  with  the  crystals.  The  resulting  mixture 
of  acid  and  resin  is  scraped  off  the  sides  of  the  dish  and  well  kneaded 
between  the  fingers  with  a  small  quantity  of  methyl  alcohol.  In  this 
w^ay  the  resin  is  removed,  leaving  the  warty  masses  almost  entirely 
undissolved.  The  purified  product  is  now  dissolved  in  a  small 
quantity  of  boiling  methyl  alcohol,  from  which  it  is  deposited  on 
cooling  in  almost  colourless  nodular  masses,  which,  after  repeated 
recrystallisation,  gave  the  following  results  on  analysis: — 

I.  0-1511  gram  substance  gave  00602  gram  H,0  and  0'3192  gram 

CO2. 
11.  0-1421  gram  substance  gave  0-0552  gram  HoO  and  O'SOOO  gram 

CO,. 
III.  0-3633    gram    substance   gave   10-4  c.c.  N.    t  =  11°.     Bar.  = 
727  mm. 

Tlieory.  Found. 


CooH.yNOg. 

C'2oHi9N09. 

iT 

II. 

III. 

c .. 

. .      57-83 

57-55  per  cent. 

57-61 

57-58 

— ■    per  cent 

H.. 

4-10 

4-55 

4-43 

4-47 

»5 

^'  .. 

..        3-37 

3-36       „ 

— 

— 

3-40        „ 

0.. 

..      34-70 

34-53       „ 

— 

— 

>> 

It  is  as  yet  veiy  difficult  to  decide  whether  this  new  substance  has 
the  formula   CoHnNOg  or  C^oHisNOs,  but   for  various  reasons  I  am 
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inclined,  in  the  meantime,  to  adopt  the  latter  fonnnla,  leaving  the 
definite  settlement  of  this  point  to  further  experimental  proof. 

This  substance  is  readily  soluble  in  ethyl  and  methyl  alcohol  and 
in  acetic  acid,  but  only  sparingly  in  benzene,  toluene,  and  ether,  and 
almost  insoluble  in  light  petroleum,  chloroform,  ethyl  acetate,  and 
cold  water.  It  is,  however,  best  purified  by  recrystallisation  from 
methyl  alcohol,  from  which  it  is  deposited,  on  long  standing,  either 
in  warty  masses  or  in  small  plates. 

Considerable  difficulty  was  experienced  in  determining  the  melting 
point  of  this  new  substance.  When  rapidly  heated,  it  softens  at  about 
138 — 140°,  and  then  melts  completely  at  141 — 142"  with  evolution  of 
gas.  At  150 — 155°  it  again  becomes  solid,  and  on  further  heating 
melts  again  between  195 '  and  200°. 

The  pure  compound,  C20H19NO9,  dissolves  readily  in  alkalis  and  in 
alkaline  cai'bouates. 

The  barium  salt  was  prepared  b}-  dissolving  the  acid  in  baryta- 
water,  removing  the  excess  of  the  latter  by  passing  carbonic  anhydride 
through  the  boiling  solution,  filtering,  and  evaporating  on  a  water- 
bath.  In  this  way  a  quantity  of  an  almost  colourless  crystalline 
barium  salt  was  obtained  which,  after  washing  with  a  little  water 
and  drying  first  over  sulphuric  acid  in  a  vacuum  and  then  at  100°, 
gave  the  following  results  on  anaUsis  : — 

0'4598  gram  substance  gave  0"iy26  gram  BaSO^. 

Theory. 
CopHi^NOgBa.  Found. 

Ba    . .      24"82  per  cent.  Ba    . .      24"63  per  cent. 

The  neutral  solution  of  the  ammonium  salt  of  this  acid  gives  with 
nitrate  of  silver  a  white,  gelatinous  precipitate,  soluble  in  a  large 
quantity  of  boiling  water  :  with  cujjric  acetate  a  beautiful  liluish- 
green  precipitate,  and,  with  acetate  of  lead,  a  white,  gelatinous  pi^e- 
cipitate.  Fused  with  a  small  quantity  of  pure  caustic  potash,  this 
substance  is  readily  decomposed,  yielding  an  almost  colourless  melt 
which,  when  dissolved  in  water,  acidified  with  sulphuric  acid,  and 
extracted  with  ether,  gives  a  crystalline  acid  readily  soluble  in  water. 
The  solution  of  this  acid  gives  with  ferric  chloride  a  deep-green 
coloration,  changing  to  violet  and  then  to  deep  red  on  tbe  addition  of 
sodic  carbonate.  A.s  it  also  gives  with  acetate  of  lead  a  white  pre- 
cipitate, and  readily  reduces  ammoniacal  silver  solution,  it  is  probable 
that  this  substance  is  either  berberinic  acid  or  protocatechuic  acid. 

The  residual  product  of  the  oxidation  of  berberine,  insoluble  in 
sodic  carbonate,  obtained  as  described  above,  contains,  besides  a 
quantity  of  a  resinous  substance,  two  new  compounds  which  are 
separated  in  the  following  way  : — 
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The  crude,  brownish  product  is  well  washed,  first  with  a  dilute 
solution  of  sodic  carbonate,  then  several  times  with  water,  dried  on  a 
porous  plate,  and  dissolved  in  a  small  quantity  of  boiling  90  percent, 
acetic  acid  (5  grams  of  substance  require  about  20  grams  of  acetic 
acid).  This  solution  on  cooling  gradually  deposits  a  considerable 
quantity  of  a  crystalline  substance.  At  the  end  of  48  hours,  this  is 
collected,  washed  with  a  little  glacial  acetic  acid,  and  purified  by 
repeated  recrystallisation  from  this  solvent.*  It  is  thus  obtained  in 
flat,  glittering  plates,  with  a  remarkable  silky  lustre:  these  after 
drying,  fir.st  on  a  porous  plate  and  then  at  100°,  gave  the  following 
results  on  analysis  : — 

I.  0-2001   gram  substance  gave  O'OSOO  gram  HoO    and   0-4387 
gram  COo. 
II.  0"1395   gram  substance    gave  0-0569    gram   H2O  and    0-3053 
gram  CO2. 

III.  0*1354  gram    substance    gave  0-0550   gram  H2O  and  0-2971 

gram  COo. 

IV.  0-1560    gram  substance  gave  0-0620   gram    H^O    and  0-3433 

gram  CO2. 
V.  0-3773  gram  substance   gave   11-2    c.c.   N   (f  =  13°.    Bar.  = 
760  mm.). 
VI.  0-3372  gram  substance   gave   10-6    c.c.  1^  (i  =  13-5^    Bar.  = 
737  mm.). 


• 

Theory. 
CsoHi-NOg. 

Found. 

r 
I. 

II. 

III.          lY. 

Y.        Yl. 

c .. 

. .      60-15  p.  c. 

59  87 

59-69 

59-77     60-02 

—        — 

H.. 

..        4-26     „ 

4-44 

4-53 

4-51       4-41 

—        — 

X.. 

3-51     „ 

— 

— 

—         • — 

3-50    3-58 

u  .. 

..     32-08    „ 

— 

. — - 

—         — 

—      — 

This  substance  melts  at  236 — 237°.  It  is  readily  soluble  in  hot 
acetic  acid,  from  which  it  crystallises  on  cooling  in  beautiful  glitter- 
ing plates,  but  is  only  sparingly  soluble  in  ethyl  and  methyl  alcohol, 
benzene,  toluene,  light  petroleum,  and  acetone,  even  on  boiling. 
Although  insoluble  in  alkaline  carbonates,  this  substance  dissolves 
readily  in  warm  solutions  of  ammonia,  caustic  potash,  &e.,  form.ing 
well-defined  salts.  If  the  solution  in  ammonia  be  allowed  to  evapo- 
rate over  sulphuric  acid,  a  very  curious  jelly-like  ammonium  salt  is 
deposited,  winch  gradually  dries  up  to  a  mass  resembling  dried 
aibumin.  This  dissolves  readily  in  water,  and  the  solution  gives  w'ith 
reagents  some  very  characteristic  salts. 

*  The  mother-liquors  contain  considerable  quantities  of  a  second  neutral  sub- 
stance, which  will  be  described  further  on. 
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Nitrate  of  silver  gives  a  white,  gelatinous  precipitate  which  is 
readily  solnl)le  in  hot  water,  but  only  sparingly  in  cold;  it  could  not 
be  recrystallised,  as  it  somewhat  reatlily  decomposes  on  Avarming  with 
water.  A  small  quantity  of  this  salt  was  prepared,  widl  washed  with 
cold  water,  dried  on  a  piece  of  porous  plate  over  sulphuric  acid  in  a 
vacuum,  and  analysed  with  the  following  results  : — 

I.  0'1996  gram  substance  gave  005G0  gram  H^O,  0'2547  gram 
COo,  and  0-0623  gram  Ag. 
II.  0"328G  gram  substance  gave  0"1023  gram  Ag. 

Found. 
Theory.  / " ^ 

c.„Tii5N0,Ag2  +  4H2O.  I.  n. 

C 35-04  p.  c.  34-80  —     p.  c. 

H 3-35     „  3-12  —       „ 

Ag    ....      31-40     „  31-22  32-13    „ 

From  this  analysis  it  would  appear  as  though  the  neutral  substance, 
CaoHnNOg,  Avhen  dissolved  in  alkalis  took  up  4  mols.  H^O,  forming  a 
bibasic  acid  of  the  formula  CuoHojNOio.  It  is,  however,  much  more 
probable  that  the  silver  salt  when  prepared  as  above  contains  water 
of  crystallisation,  as  is  the  case,  for  example,  Avith  the  silver  salt  of 
papaverinic  acid,  which  crystallises  with  2 — 2^  mols.  H2O.  The 
formula  of  the  acid  formed  by  dissolving  the  substance  CzoHnNOs  in 
alkalis,  can  therefore  only  be  accurately  determined  by  the  analysis  of 
some  other  of  its  salts,  with  the  investigation  of  which  I  am  at 
present  engaged. 

The  solution  of  the  ammonium  salt  of  this  acid  gives  with  acetate 
of  copper  a  splendid,  light  bluish-green  precipitate,  and  with  acetate 
of  lead  a  white,  gelatinous  precipitate  which  dissolv^es  somewhat 
sparingly  in  boiling  water.  The  clilorides  of  barium  and  calcium 
give  no  precipitate  in  the  cold  ;  on  boiling,  white,  amorphous  salts  are 
jn-ecipitated. 

The  mother-liquoi's  from  the  precipitation  of  the  substance 
CooHnNOg  contain,  besides  small  traces  of  this  sparingly  soluble  sub- 
stance, a  considerable  quantity  of  a  second  neutral  substance  which  is 
much  more  readily  soluble.  To  isolate  this,  the  dark-brown  acetic 
acid  solution  is  beated  to  boiling,  diluted  with  one-fourth  of  its  bulk 
of  boiling  water,  and  allowed  to  stand  for  24  hours.  The  crystals 
which  separate  are  collected,  the  mother-liquor  again  treated  as  above, 
and  the  operation  repeated  until  no  more  crystals  separate.  In  this 
Avay  nearly  the  whole  of  the  new  substance  crystallises  out  in  yellowish 
plates,  whereas  if  too  much  water  be  added  at  first  the  crystals  are 
invariably  mixed  with  a  black,  tarry  substance  which  hinders  their 
subsequent  purification.     The  crude  substance  thus  obtained  can  now 
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easily  be  purified  by  i-ecrystallisation,  once  from  dilute  acetic  acid  and 
twice  from  pure  alcohol.  From  the  hot,  alcoholic  solution  it  is 
deposited  on  cooling  in  beautiful  colourless  plates  with  a  pearly  lustre. 
For  analysis  the  substance  was  dried  at  10U°. 

I.  0'1372    gram   substance  gave  0'054<0  gram   H.O  and  0'3155 
gram  CO2. 
II.  0-1792  gram  substance    gave  0-0741   gram  H^O   and  0-4093 
gram  COo. 
III.  0-1395  gram  substance  gave  0-0584   gram    H.O    and   0-3213 

gram  C03. 
rV.  0-1680  gram  substance  gave   0-0720    gram    11,0    and   0-3852 
gram  CO2. 
V.  0-3070   gram   substance   gave  101   c.c.  'N   (t  =  15°.   Bar.  = 
742  mm.). 
VI.  0-2493    gram    substance    gave   8*2  c.c.  N  (^  =  18-5°.    Bar.  = 


759  mm.). 


Found. 


Theory. 

I. 

II. 

III. 

IV. 

V. 

VI. 

c. 

62-66  p.  c. 

62-71 

62-61 

62-81 

62-53 

— 

—    p.  c 

H.. 

4-43     „ 

4-38 

4-70 

4-65 

476 

— 

f) 

N.. 

..        3-66     „ 

— 

— 

— 

■ — 

3-75 
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0.. 

..      29-24     „ 
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— 

— 

— 
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This  new  compound,  which  from  the  analysis  appears  to  have  the 
formula  C^oHnN^Ov,  melts  at  150°.  It  is  readily  soluble  in  hot  methyl 
and  ethyl  alcohol,  but  only  sparingly  soluble  in  these  liquids  in  the 
cold.  It  dissolves  with  difficulty  in  boiling  water,  and  the  solution  on 
slowly  cooling  deposits  the  substance  in  beautiful,  glittering  plates, 
which  resemble  anthracene  in  appearance  ;  if  rapidly  cooled,  however, 
the  aqueous  solution  becomes  milky  before  crystallising.  It  is  also 
readily  soluble  in  hot,  but  almost  insoluble  in  cold  benzene  and 
toluene.  If  this  substance  is  not  quite  pure,  its  solations  fluoresce  in 
a  niost  beautiful  way,  reminding  one  strongly  of  a  dilute  solution  of 
fluorescein. 

The  substance  CooHhN'Ot  does  not  dissolve  in  alkalis  in  the  cold,  and 
only  very  slowly  on  boiling.  The  solution  in  hot,  strong  caustic  potash 
on  cooling  deposits  what  appears  to  be  the  unchanged  substance, 
but  as  the  substance  is  more  soluble  in  caustic  potash  than  in 
water,  it  is  possible  that  it  forms  with  alkalis  very  unstable  salts. 
Fused  with  a  little  potash,  the  substance  CjoHnXOT  yields  what 
appears  to  be  protocatechuic  acid  (?  berberinic  acid).  In  studying 
this  decomposition,  about  5  of  a  gram  of  substance  was  gently  fused 
with  2  grams  of  potash  and  a  little  water  in  a  thick  test-tube.  The 
crystals  dissolved  at  once  with  evolution  of  quantities  of  a  pungent 
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gas,  M'liic'h  resembled  metliylainine  or  etliylamine  ratlier  than  ammonia. 
Tlie  colourless  residue  dissolved  in  water  with  a  i-eildish  colour,  and 
on  acidifying  and  extracting-  with  ether,  a  colourless  crystalline  sub- 
stance was  obtained,  which  showed  all  the  properties  of  protocatecliuic 
acid.  The  aqueous  solution  gave  Avith  ferric  chloride  a  deep-green 
coloration,  which  on  the  addition  of  sodic  carbonate  became  tirst 
blue,  then  violet,  and  at  last  red.  On  the  addition  of  acetate  of  lead 
to  the  aqueous  solution,  a  white  pi'ecipitate  was  obtained,  soluble  in 
acetic  acid. 

The  substance  CaoHnNO-  dissolves  in  strong  nitric  acid  with  a 
deep  orange  colour,  and  in  warm  sulphuric  acid  forming  a  deep 
violet-black  solution.  The  addition  of  strong  hydrochloric  acid 
causes  the  crystals  to  turn  yellow  without  dissohdng  them,  and  if  a 
drop  of  hydrochloric  acid  be  added  to  the  alcoholic  solution  of  the 
substance  the  solution  is  coloured  slightly  yellow,  and  acquires  a 
bluish-green  fluorescence. 

In  order  to  further  control  the  formula  of  the  substance  CaoHnNO:, 
its  molecular  weight  was  determined  by  Raoult's  method,  with  the 
following  result : — 

Substance  taken    07558  gram. 

Acetic  acid   42' 1296       ,, 

IMeiting  point  of  acetic  acid IG'^-t?" 

„  of  mixture 16'263 

Depression  of  melting  point 0"184f 

Molecular  weight  of  substance  found  from  the  above  data     880 
Theory  for  C.oHnNO, 383 

The  yield  of  crude,  dry,  yellow  .substance  obtained  by  the  oxidation 
of  200  grams  of  berberine  as  described  above  is  about  70  grams,  of 
which  12  grams  are  insoluble,  and  55  grams  soluble  in  a  solution  of 
sodic  carbonate.  These  numbers  show  clearly  that  a  large  portion  of 
the  products  of  the  oxidation  must  be  contained  in  the  filtrate  from 
the  yellow  substance.  In  order  to  test  this,  the  yellow  solution  was 
evaporated  over  a  free  flame,  with  occasional  addition  of  a  little 
aqueous  sulphurous  acid,  until  the  inorganic  salts  commenced  to 
separate  as  a  crust  on  the  surface.  The  liquid  was  then  allowed  to 
cool,  filtered  from  the  crystalline  matter,  and  again  evaporated,  the 
operation  being  repeated  until  the  solution  from  the  oxidation  of 
200  grams  of  berberine  was  reduced  in  bulk  to  1  litre.  The  brownish 
product  was  then  extracted  20  times  with  ether,  the  ethereal  solu- 
tion dried  over  calcic  chloride,  and  the  ether  distilled  off  until  about 
150  c.c.  remained. 

During  this  operation  a  quantity  of  a  white,  crystalline  substance 
separates,   which  after  collecting,   washing  with  a   little   ether,  and 
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drying  on  a  porous  plate,  presented  the  appearance  of  hard,  sandy- 
crystals.  Subsequent  examination  showed  that  this  product  was  a 
mixture  of  two  substances,  which  are  readily  separated  from  each 
other  by  recrystallisation  from  water.  The  solution  in  a  small  quan- 
tity of  boiling  water  deposits  on  cooling  first  of  all  a  quantity  of 
glittei'ing  plates,  which  are  rapidly  filtered  off.  On  standing,  the 
second  substance  separates  from  the  mother-liquor  in  hard  prisms. 

The  moi-e  insoluble  substance,  which  is  formed  only  in  very  small 
quantity,  was  purified  by  recrystallisation  from  water ;  the  crystals, 
dried  first  over  sulphuric  acid  in  a  vacuum  and  then  at  100°,  gave 
the  following  numbers  on  analysis  : — 

I.  0'1493  gram  substance  gave  0"0618  gram  H^O. 

11.  0-2907  „  „  8-8   c.c.   N;    i  =   17°.       Bar.    = 

757  mm. 

Theory. 
CsoHigOg.  Found. 

C  ........ .  6 7 '65  per  cent.  67'54  per  cent. 

H 4-55         „  4-60 

I^ H-85         „  3-50 

0 34-63         „  34-36 

This  interesting  substance,  w^hich  from  the  above  analysis  appears 
to  have  the  constitution  C211H19NO9,  melts  at  178 — 179°  with  decom- 
position, due  probably  to  loss  of  water.  It  is  sparingly  soluble  in 
alcohol  and  ether,  fairly  soluble  in  boiling  water,  from  which  it 
crystallises  on  cooling,  either  in  small  plates,  or  in  very  small,  warty 
masses. 

At  present  only  sufficient  of  this  substance  has  been  obtained  for 
the  above  analyses,  and  subsequent  investigation  must  show  whether 
the  constitution  assigned  to  it  is  correct. 

This  acid  has  the  same  formula  as  the  acid  obtained  from  the 
yellow  precipitate  (p.  78),  but  as  it  melts  38°  higher  it  must  be 
isomeric,  and  not  identical  with  this  substance. 

The  crude  crystals  of  the  more  soluble  substance  obtained,  as 
described  above,  w^ere  separated  from  the  substance  C2UH17NO9  by 
repeated  recrystallisation  from  water,  from  which  they  were  invariably 
deposited  as  a  hard,  crystalline  crust  on  the  bottom  of  the  beaker. 
The  air-dried  crystals,  when  heated  on  a  water-bath,  lost  scarcely  any 
weight,  showing  the  absence  of  water  of  crystallisation. 

On  analysis  the  following  numbers  were  obtained  : — 

I.  0-1518  gram  substance  gave  0-0608  gram  H3O  and  0"2970  gram 
CO2. 
II.  01720  gram  substance  gave  0-0701  gram  H2O  and  0-3361  gram 
CO2. 
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Found. 

Tlierirv.  ,- * >, 

C,„H,„Of,.  I.  11. 

C 581U  p.  c.  53-36         5328  p.  c. 

H 4-42     „  4-45  4-52     „ 

O 42-48     „  42-19         4220     „ 

Q'his  substance  melt.s  at  159 — 160'  with  decompo.sitiori,  and  as  it 
gives  protoeatecliuic  acid  on  fusion  with  potash,  there  can  scai'cely  be 
a  doubt  that  it  is  bemipinic  acid.  It  is,  however,  in  appearance 
totally  different  from  the  hemipinic  acid  previously  obtained  (see 
p.  73).  The  crj'stals,  which  contain  no  watei*  of  crystallisation, 
are  very  soluble  in  hot  water,  and  separate  from  the  solution  very 
slowly  indeed,  the  deposition  often  beinj^  incomplete  after  standing 
for  24  hours. 

The  hemipinic  acid  obtained  as  described  at  the  commencement  of 
this  chapter,  and  also  a  sample  of  the  same  substance  prepared  from 
narcotine  (for  which  I  am  indebted  to  Dr.  Goldschmiedt),  crystallise 
rapidly  with  2  raols.  H2O  of  crystallisation,  when  the  hot  aqueous 
solution  is  allowed  to  cool  moderately  slowly.  The  crystals  dried  at 
100°,  and  heated  under  the  same  conditions  as  the  above,  melt  at 
177 — 178°  with  decomposition. 

The  great  difference  in  the  properties  of  the  two  preparations  lead 
me  to  doubt  their  identity,  and  in  order  to  establish  this  the  silver 
salt  of  the  acid,  melting  at  159 — 160",  was  prepared  and  examined. 
This  salt  is  thrown  down  on  the  addition  of  silver  nitrate  to  the 
ammonium  salt  as  a  heavy,  white  precipitate.  It  was  well  washed 
with  water,  dried  over  sulphuric  acid  in  a  vacuum,  and  then  analysed 
"with  the  following  result : — 

I.  0'2928  gram  substance  gave  0-1430  gram  Ag.  ■ 

II.  0-2505  „  „  0-1222       „ 

Found. 

Theory.  ,. * ., 

CioHsOgA-..  I.  II. 

Ag 49-09  p.  c.  48-83        48  78  p.  c. 

This  salt  gives  therefore  the  same  numbers  as  those  required  for  the 
silver  salt  of  hemipinic  acid. 

Subsequent  experiments  on  these  two  preparations  of  hemipinic 
acid  make  it  appear  probable  that  this  substance  exists  in  two  distinct 
forms,  the  one  melting  at  159 — 160°,  and  the  other  at  177 — 178°.  If 
a  crystal  of  the  latter  acid  be  added  to  a  warm  saturated  solution  of 
the  former,  in  some  cases  at  least,  the  one  modification  is  completely 
converted  into  the  other,  but  this  change  appears  only  to  take  place 
under  certain  conditions  of  concc'ntration,  &c. 
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I  hope  to  be  able  to  iuvestigate  this  point  more  completely  at  an 
early  date. 

Action  of  Hijdrogen  Iodide  on  Berherine. 

When  heated  with  fuming  aqneons  hydrogen  iodide,  berherine  is 
readily  decomposed  with  evolution  of  methyl  iodide,  and  formation 
of  a  new  substance,  which  dissolves  in  alkalis  with  a  blackish-violet 
coloration.  This  preliminary  experiment  led  me  to  suppose  that 
bcrberine  is  decomposed  by  hydrogen  iodide  in  a  way  similar  to  papa- 
verine, which  under  this  treatment  is  split  up  into  papaveroline, 
Ci6Hi3N04,  and  4  mols.  of  methyl  iodide.  In  determining  the  con- 
stitution of  berherine,  it  was  a  matter  of  great  importance  to  discover 
the  number  of  OCH3  groups  contained  in  the  formula  C2nHnN"04, 
and  this  is  readily  done  by  Zeisel's  method  (Monats.,  6,  995),  which 
consists  in  decomposing  the  alkaloid  with  fuming  hydrogen  iodide. 
and  determining  the  amount  of  methyl  iodide  formed  by  means  of 
alcoholic  silver  nitrate.  The  first  experiments  in  this  direction  were 
made  with  berherine  itself,  with  the  following  results  : — 

I.    0-29.30    gram     of     berherine  (dried    at     100 — 110°)     gave 

0-3990  gram  Agl. 

n.    0-3315    gram     of     berherine  (dried     at     100—110°)     gave 

0-4440  gram  Agl. 

III.    0-3290    gram     of     berherine  (dried     at     100—110°)     gave 
0-4430  gram  Agl. 

Found. 

Theory  for  2(OCH3)  groups  ia  ^ ' ^ 

CouHi-NO^  +  HoO.  I.  II.  III. 

(OCH3)  . . .'.      17-56  p.  c.  18-03     17-72     17-83  p.  c. 


These  experiments  show  that  berherine  contains  only  two  OCH3 
groups  in  its  molecule,  these  two  being  present  in  the  portion  which 
on  oxidation  yields  hemipinic  acid.  Owing,  however,  to  the  diffi- 
culty in  determining  accurately  the  amount  of  water  of  crystallisation 
present  in  the  samples  of  berherine  used,  these  results  were  not 
considered  perfectly  trustworthy,  and  in  order  to  be  quite  certain 
similar  experiments  were  instituted  with  the  nitrate  and  hydriodide 
of  the  base,  these  salts  be^ng  so  readily  obtained  pure  and  free  from 
water  of  crystallisation. 

1,  0-3903  gram  berherine  nitrate,  dried  at   100°,  gave  0-4669  gram 
Agl. 

Theory  for  2(OCH3)  groups  in 

CouHi-NO^.HNOg.  Found. 

(OCH3)  ....      15-59  per  cent.  15-74  per  cent. 
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II.  04401  gram  berberine  hydriddide  gave  0'4520  gram  Agl. 

Theory  for  2(00113)  groups  in 

Coi,H,;N04,HI.  Found. 

(OCHa) 13-39  per  cent.  l;:;-Gl  per  cent. 

In  order,  if  possible,  to  isolate  tbe  pbenolic  substance  formed 
during  this  reaction,  the  experiment  was  carried  out  with  lai-ger 
quantities.  25  grams  of  pure  berberine  were  boiled  with  a  con- 
siderable excess  of  fuming  aqueous  hydrogen  iodide  in  a  flask  con- 
nected with,  a  reflux  condenser,  until  evolution  of  metliyl  iodide  had 
censed. 

The  dai"k-colou]-ed  solution  on  cooling  deposited  a  small  quantity  of 
the  new  substance  in  the  form  of  blackish-coloured  nodules.  These 
were  collected,  the  solution  distilied  from  a  small  retort  until  half  had 
passed  over  and  again  allowed  to  cool,  when  a  further  quantity  of 
solid  was  obtained.  The  crude  product  was  well  washed  with  water 
till  free  from  hydrogen  iodide,  and  ground  to  a  paste  in  a  mortar  with 
a  weak  solution  of  sulphurous  acid,  to  remove  a  small  quantity  of 
iodine.  The  yellowish-brown  emulsion  was  now  collected  on  a  filter- 
pump,  well  washed  with  water,  and  extracted  with  boiling  water 
containing  a  little  sulphurous  and  sulphuric  acids.  The  hot  solution, 
after  filtering  from  a  quantity  of  a  brown  insoluble  residue,  deposited 
the  new  substance  on  cooling  in  beautiful  orange-coloured,  amorphous 
flocks,  which  entirely  filled  the  liquid.  These  were  collected,  repre- 
cipitated  twice  from  hot  water  containing  sulphurous  acid,  dried  over 
sulphuric  acid  in  a  vacuum,  and  analysed,  with  the  following 
result : — 

I.  0-1478  gram  substance  gave  0'0582  gram  H3O  and  0"3097  gram 
CO2. 
II.  0"1546  gram  substance  gave  0*0631  gram  H.O  and  03244  gram 
CO,. 

III.  0'4354  gram  substance  gave  lo"2  c.c.  'N ;  t   =   0'12.     Bar.  = 

740  mm. 

IV.  0'4086  gram,   decomposed  by  nitric  acid  according   to  Carius' 

method,  gave  0"1314  gram  BaSOj. 
V.  0"4401    gram,  decomposed  by  nitric  acid  according  to  Carius' 

method,  gave  0"1412  gram  BaSOj. 
la.  0'2784   gram    substance,    heated    to    100^    till     constant,     lest 
0-0123  gram. 
Ila.  0-2502   gram   substance,    beated    to    100°    till    constant,    lost 
0-0112  gram. 
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Found. 
Tlieorv.  i * \ 

(C,siT,.,xo4)o.H.so4  +  2n20.  1.    II.  iir.   iv.  v. 

C... ...   57-75  p.  c.    57-12  57-22   —    —  —  p.c. 

H 4-28  „     4-37   4-60   —    —  —   „ 

N 3-74  „      —    —  4-Ul   —  —   „ 

H,SO, ..   13-10  „      _    _   _  13-.52  1.3-45  „ 

H,0....   4-81  „     4-43  4-47   —    —  —   „ 

This  substance  is  therefore  the  sulphate  of  a  base  of  the  formula 
C18H13XO4,  for  which  I  propose  the  name  herheroline. 

This  base  is  formed  from  berberine  simply  by  substituting  hydro- 
gen for  methyl  in  each  of  the  two  methoxy-groups  ;  thus : — 

CsHnNOo.COCHa),.  Ci8HuNO,(OH)2. 

Berberine.  Berberoline. 

The  snlphate  of  this  bnse  is  stable,  and  does  not  appear  to  undergo 
decomposition  eveii  on  long  standing.  In  the  presence  of  a  trace  of 
alkali,  decomposition  sets  in  at  once  owing  no  doubt  to  oxidation — a 
dark,  blackish -violet  solution  being  formed.  An  aqueous  solution  of 
the  sulphate  shows  the  following  reactions  : — 

GJilorine-water  gives  a  dark-violet,  flocculent  precipitate.  Nitric. 
acid  gives  a  magnificent  violet  coloration  which  on  standing — and 
particularly  on  warming — becomes  a  deep,  reddish-brown.  Berber- 
oline solutions  decompose  solutions  of  platinic  chloride,  auric  cIjIo- 
ride,  and  ammoniacal  nitrate  of  silver  with  separation  of  the  metal. 

Fusion  of  Berberine  with  Potash. 

Hlasiwetz  and  Gilm  (Jahresbericht,  1864,  407),  who  were  the  first 
to  study  the  action  of  melted  potash  on  berberine,  obtained  by  this 
decomposition  two  new  substances,  that  is,  berberinic  acid,  CgHgOj  + 
H2O,  and  an  acid  of  the  formula  CgHgOs.  With  the  object  of  deter- 
mining tlie  constitution  of  these  two  acids,  I  have  again  taken  up  the 
study  of  this  important  decomposition,  the  experiment  being  con- 
ducted as  follows : — 

100  grams  of  caustic  potash  and  5  c.c.  of  water  were  heated  in  a 
silver  dish  to  about  180°  and  then  GO  grams  of  berberine  slowly  added 
in  small  portions  at  a  time.  The  berberine  on  coming  in  contact 
■with  the  melted  potash  was  rapidly  decomposed — little  black  balls 
being  formed  at  first,  which  swam  about  on  the  surface  of  the 
liquid,  but  on  stirring,  as  the  temperature  gradually  rose  (to 
240'^),  these  dissolved,  forming  a  dark-brown  liquid.  During  the 
operation — which  lasts  about  an  hour — a  quantity  of  thick  vapours, 
smelling  strongly  of  ammonia  and  guaiacol,  were  evolved.     The  pi-o- 
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dnct  was  dissolved  in  water,  acidified  witli  dilute  sulphuric  acid, 
filtered  h'ora  a  quantity  of  brownish  tiocks  wliich  separated,  evaporated 
to  a  syrupy  consistence,  and  well  agitated  witli  about  twice  its  volume 
of  strong  alcohol.  The  potassic  sulphate  thus  precipitated  was 
filtered  off,  washed  with  a  little  alcohol,  the  combined  alcoholic  solu- 
tions gently  evaporated  on  a  water-bath,  and  the  residue,  dissolved 
in  a  little  water,  was  I'epeatedly  extracted  with  ether.  The  ethereal 
extract  after  carefully  drying  over  calcic  chloride  and  evaporating 
deposited  5  grams  of  a  dark-brownish,  crystalline  mass  consisting  of 
impure  berberinic  acid.  This  was  purified  first  by  spreading  it  on  a 
porous  plate  and  then  by  repeated  recr^-stallisation  from  water.  The 
beautiful  white  crystals  thus  obtained  gave  on  analysis  the  following 
numbers  : — - 

I.  O'loOG  gram  substance  dried  at  80°  gave  0"OG67  gram  H2O  and 

0-3160  gram  COo. 

II.  0'1683  gram  substance  dried  at  80°  gave  O'CTSo  gram  HoO  and 

0-3521  gram  CO,. 

Found. 
Theory.  ( » .^ 

CsHgO,.  I.  II. 

C 5715  p.  c.  57-2-2         57-05  p.  c. 

H 4-76    „  4-92  4-84     „ 

0 38-04    „  37-86        38-11     „ 

Berberinic  acid  appears  to  crystallise  with  1  mol.  H2O,  which, 
however,  is  gradually  given  off  at  the  ordinary  temperatures  if  the 
crystals  are  placed  over  sulphuric  acid  in  a  vacuum.  The  melting 
point  of  this  acid,  which  is  not  given  by  Hlasiwetz  and  Gilm,  I  found 
to  be  about  165°.  No  accurate  melting  point  can  be  given,  as 
when  heated  the  sub.stance  softens  at  145°,  and  then,  melts  with 
evolution  of  carbonic  anhydride  at  about  165° ;  this  temperature  may 
therefore  be  looked  upon  as  its  decomposing  point  raiher  than  its 
melting  point. 

The  other  properties  of  this  acid  agree  in  all  respects  with  those 
given  by  Hlasiwetz  and  Gilm. 

If  a  drop  of  ferric  chloride  is  added  to  an  aqueous  solution  of 
berberinic  acid,  a  splendid  dark-green  coloration  is  produced  which, 
on  the  addition  of  sodic  carbonate  solution,  becomes  first  violet,  then 
violet-red,  and  at  last  deep-red  coloured.  This  reaction,  and  the  fact 
that  this  acid  reduces  Fehling's  solution  and  an  ammoniacal  solution 
of  silver  nitrate,  and  gives  with  acetate  of  lend  a  white  precipitate 
soluble  in  acetic  acid,  shows  at  once  that  berberinic  acid  must  be  very 
closely  related  to  protocatechuic  acid. 

As  protocatechuic  acid  on  distillation  is  .split  up  into  pyrocatechol 
and   cai'bonic    acid,    it   was   thought  that,   under  similar  treatment, 

VOL.  LV.  H 
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berberinic  acid  might  give  some  decom.position-product  whicb  would 
afford  some  clue  as  to  its  constitution.  In  order  to  test  tbis,  2  grams 
of  the  pi;re  dry  acid  were  beated  in  a  small  retort  until  the  evolu- 
tion of  carbonic  anhydride  had  ceased,  and  the  residue  then  rapidly 
distilled.  In  this  way  an  almost  colourless  syrup  was  obtained,  which 
on  analysis  gave  the  following  numbers  : — 

0'1460  gram  substance  gave  00842  gram  H^O  and  0"3605  gram  CO2. 

Theory. 

C^HsOo.  Found. 

C 67' 74  per  cent.  67*37  per  cent. 

H 6-46         „  6-41 

O 25-80        „  26-22 

Tbis  substance  has,  therefore,  the  same  formula  as  homopyrocatechol, 
■with  which  it  agrees  in  all  its  reactions.  It  is  readily  soluble  in 
water ;  the  solution  reduces  Fehling's  solution  and  ammoniacal  nitrate 
of  silver.  Ferric  chloride  produces  a  deep-green  coloration  which,  on 
the  addition  of  sodic  carbonate,  becomes  reddish- violet.  There  can, 
therefore,  be  no  doubt  that  berberinic  acid  on  distillation  is  split  up 
into  homopyrocatechuic  and  carbonic  acid,  thus  : — 

CsHA  =  CH^Oi    +  CO,, 

but  it  is  at  present  difficult  to  decide  the  positions  of  the  carboxyl- 
group  with  reference  to  the  OH  and  CHs-groups. 

I  am  at  present  engaged  on  the  further  investigation  of  oxidising 
agents  on  berberine  and  on  the  alkyl  addition-products  of  tetrahydro- 
berberine,  and  also  on  a  series  of  experiments  on  the  constitution  of 
berberonic  acid. 

The  completion  of  these  experiments  will  be  somewhat  delayed 
owing  to  an  unfortunate  fire  in  the  laboratories  of  the  Heriot  Watt 
College  having  consumed  a  number  of  new  products  which  had  already 
been  prepared.  For  this  reason  also  I  have  not  been  able  to  complete 
the  examination  of  the  substances  described  in  this  paper  so  thoroughly 
as  I  could  have  wished. 

I  hope,  however,  at  an  early  date  to  be  able  to  communicate  to  the 
Society  a  further  paper  on  this  interesting  alkaloid. 

Heriot  Watt  College, 

Chemical  Laboratory,  Edinhurgh. 
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XIII. — On  some  Leadhills  Minerals. 

By  Norman  Collie,  Ph.D.,   F.R.S.E. 

The  Leadhills  in  the  south  of  Scotland  has  long  been  known  as  a 
locality  from  which  many  interesting  minerals  can  be  obtained. 
Some  seemingly  are  peculiar  to  the  Leadhills  district,  viz.,  susanite,  a 
double  sulphate  and  carbonate  of  lead  ;  and  caledonite,  a  basic  sul- 
phate of  lead  containing  copper  and  carbonic  acid  ;  whilst  others, 
viz.,  leadJiillife,  a  mineral  similar  in  composition  to  susanite  ;  lanarh- 
ite,  a  basic  sulphate  of  lead ;  vanadinite  and  plumho-calcite  are  met 
with  only  in  one  or  two  other  localities. 

Most  of  the  minerals,  the  analyses  of  which  are  given  in  this  paper, 
I  obtained  myself  some  years  ago  at  Leadhills,  the  remainder*  were 
collected  by  Dr.  Wilson,  of  Wanlockhead,  Leadhills.  These  I  have 
from  time  to  time  analysed,  with  results  which  I  have  now  collected 
in  the  following  paper.  I  have  also  incorporated  several  analyses 
made  by  Mr.  Wheeler,  at  the  Queen's  College,  Belfast.  Two  minerals 
amongst  those  which  I  have  analysed  do  not  seem  to  have  been  pre- 
viously noticed. 

(1.)  Plumbo-aragonite,  or  aragonite  containing  lead  carbonate. 

(2.)    Calcuim     vmiado-pyromorpMte,     or     pyromorphite     containing 

calcium    and  vanadic  acid,  with   a  small   quantity  of   copper 

hydroxide. 

The  investigation  of  these  Leadhills  minerals  was  undertaken  for 
several  reasons,  the  chief  being  to  ascertain  whether  in  the  large 
number  of  double  carbonates,  sulphates,  phosphates,  &c.,  found  there, 
the  constituent  salts  were  present  in  any  simple  molecular  propor- 
tion ;  another  being  to  determine  which  analyses  amongst  the  con- 
flicting ones  met  with  in  mineralogical  treatises  are  the  most  probably 
correct. 

Leadhillite. 

This  substance  is  not  often  found  at  Leadhills,  and  for  several 
years  past,  few  new  specimens  have  been  obtained.  It  occurs  also  as 
maxite  in  Sardinia.  The  earlier  analyses  given  diifer  considerably 
from  the  later  ones.  At  one  time  it  was  considered  to  be  a  mixture 
of  sulphate  and  carbonate  of  lead  in  the  proportions  PbCOa,3PbS04. 
This,  however,  is  obviously  incorrect,  for  not  only  does  the  substance 
contain  from  1  to  2  per  cent,  of  water,  but  there  is  an   insufficient 

*  These  minerals  were  first  given  to  Professor  Letts  of  Belfast,  who  afterwards 
kindly  handed  them  over  to  me  for  analysis. 

H    2 
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amount  of  sulphuric  and  carbonic  acids  to  combine  with  the  whole  of 
the  oxide  of  lead.  If  the  earlier  analyses  are  omitted,  the  carbonic 
acid  is  found  to  vary  from  8"5 — 12"1  per  cent.,  as  the  following 
analyses  will  show  : — 

Calculated  for 
I.  II.  4PbS04,2PbC03,Pb(OH)2. 

PbO 807  80-8  80-7 

CO, 121  9-2  91 

SO3 7-1  8-2  8-3 

HoO —  20  1-8 

No.  I  is  an  analysis  by  Bertrand  (BitU.  Soc.  Chim.,  Paris,  1873). 

No.  II  is  by  Hintze  (Fogg.  Ann.,  152,  256). 

Three  separate  specimens  of  leadhillite  were  analysed,  and  it  was 
found  that  the  amount  of  carbonic  and  sulphuric  acids  varied  con- 
siderably. 

I. 

t)  (b.)  (T)  II.  III. 

PbO 82-0  82-3  82-1  81-8  81-3 

COo 8-6  8-5  87  9-8  11-5 

SO3 9-1  9-2  9-2  80  7-3 

H2O 1-5  1-6  lo  1-6  1-8 

These  results  seem  to  point  to  the  fact  that  leadhillite  varies  in  com- 
position, the  ratio  between  the  sulphate  and  carbonate  of  lead  not 
remaining  constant. 

Lanarldfe. 

This  mineral  is  stated  by  Brooke  and  Thomson  to  be  a  compound 
having  the  formula  PbS04,PbC03  ;  but  subsequent  analyses  by 
Pisani  and  by  Flight  show  that  it  does  not  contain  carbonic  acid,  and 
this  is  corroborated  by  the  following  analyses  III  (a)  and  (b). 

III. 

,. * ^        Calculated  for 

I.  TI.         (a).       (b.)  PbS04,PbO. 

PbSOi 57-2         577     57-8     57-5  57-6 

PbO 40-6        42-9     41-4    41-8  424 

Loss  on  ignition        0'81         —         0'5        O'O  — 

No.  I,  Pisani  (Compt.  rend.,  1873). 
No.  II,  Flight  (this  Journal,  1874,  103). 

Lanarkite,  therefore,  unlike  leadhillite,  seems  to  be  of  constant  com- 
position. 

Caledonite. 

Caledonite  is  one  of  the  rarest  of  the  Leadhills  minerals,  and  is  not 
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often  met  with.  The  few  analyses  given  of  it  differ  very  considerably, 
the  earlier  ones  of  Brooke  and  Thomson  «?iving  3r9 — 82"8  per  cent, 
of  lead  carbonate,  while  Maskelyne  and  Flight  (this  Journal,  1874, 
lOl)  find  only  traces  of  carbonic  acid. 

Flight  and  Maskclvne. 

f " ^  Found.     Mean  of 

I.  II.  two  analyses. 

PbSOi 00-2  59-5  69-1 

PbO  261  26-2  24-2 

CuO 9-4  9-2  10-7 

CO, 1-4  —  1-9 

H,6 —  3-7  3-5 

These  percentages  do  not  agree  with  any  simple  formula,  and 
caledonite  may  be  a  hydrated  form  of  lanarkite,  in  which  the  hydrate 
of  lead  has  been  replaced  by  a  variable  amount  of  copper  hydi-ate. 

Jjinarite. 

This  magnificent  mineral  is  met  with  at  Leadhills,  but  fine 
specimens  also  occur  in  Cumberland  and  elsewhere.  It  does  not 
seem  ever  to  contain  carbonic  acid,  and  the  analyses  agree  well  with 
the  formula  PbS04,CuO,H.,0. 

Found.     Mean  of      Calculated  for 
T.  II.  two  analyses.         PbSO^.CuO.lIoO. 

PbSOi..      75-4        74-8  75-3  756 

CuO....      18-0        19-7  19-6  19-8 

H,0....        4-7  5-5  5-2  45 


Fyromorphite. 

The  specimens  of  this  mineral  which  are  found  at  Leadhills  are 
remarkable  for  their  great  beauty  of  colour,  which  varies  from  the 
richest  orange  to  light  or  dark  olive-green.  The  brilliant  orange 
variety  has  been  supposed  to  contain  chromium,  and  is  sometimes 
called  chromophosphate  of  lead,  but  there  are  no  analyses  of  any 
pyromorphite  from  Leadhills  containing  even  a  trace  of  that  metal. 
Another  variety  of  pyromorphite  often  found  is  light  green  in  colour, 
and  in  botryoidal  masses  with  a  conchoidal  fracture ;  this  seems 
peculiar  to  Leadhills,  and  might  possibly  be  mistaken  for  calamine. 

Various  differently  coloured  pyromorphites  were  analysed  : — 


Orange.  Green.  Yellow. 

PbO 81-4            —  81-6 

PA 15-7  L5-9  15-9 

CI, 2-6            2-6  2-8 


Calculated  for 
3Pb3(P04).,,PbCL. 

81-7 

15-6 

2-6 
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Arsenic  acid  was  only  present  in  extremely  small  quantity.  Several 
experiments  were  also  made  to  determine  whether  the  green  colour 
was  due  to  an  appreciable  amount  of  a  ferrous  salt,  but  without 
success ;  traces  of  iron  were  present,  but  always  seemed  to  be  in  the 
feri'ic  state.  From  the  above  analyses,  the  pyromorphites  seem  to 
differ  but  little  in  composition. 

Yanadinite. 

Although  this  mineral  contains  the  rare  element  vanadium,  still  it 
has  been  found  in  various  other  localities  besides  Leadhills.  It  is 
seldom  found  at  Leadhills  in  the  crystalline  condition,  usually 
occurring  as  a  deposit  on  calamine  in  the  form  of  small  granules. 
Two  different  specimens  were  analysed : — 

Calculated  for 

I.  IL  3Pb3(Y04);,PbCl2. 

PbO 80-0  79-6  78-2 

V2O5 16-7  16-2  19-3 

CI 2-5  2-4  2-5 

H2O   1-2  1-4  — 

Various  specimens  were  tested  for  phosphoric  acid  and  also  for 
chromium,  but  neither  of  these  substances  was  present. 

Calcium  Vanado-pyrom-orphite. 

This  new  mineral  occurs  in  black  botryoidal  masses,  and  is 
unlike  either  pyromorphite  or  vanadinite  in  appearance.  The  frac- 
ture is  uneven  or  conchoidal ;  it  fuses  easily  before  the  blowpipe, 
leaving  a  browoi  granule,  which  when  broken  shows  a  crystalline 
structure.  It  dissolves  readily  in  hydrochloric  acid  when  warm,  and 
leaves  a  slight  residue  of  a  brown  colour,  which  consists  chiefly  of  au 
oxide  of  iron.     Two  analyses  were  made  : — 

Ratios  between  the  phos- 
phates, vanadates,  and 
the  lead  chloride  in 
I.  II.  analysis  No.  I. 

PbsCPOOa 52-0  —  006411 

PbaCVO^a 19-2  —  00224  l3-3 

CasCPO,)^ 15-8  —  00510  J 

PbCla 11-4  107  0-0410     1-0 

Cu(OH),   1-6  1-4 

Insoluble  residue  . .  0"6  0'5 
The  specific  gravity  is  6'9 — 7"0. 

The  mineral  is  therefore  a  pyromorphite  in  which  calcium  replaces 
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lead,  and  vanadic  acid  replaces  phosphoric  acid.  The  amount  of 
water  (U'4  per  cent.)  which  the  mineral  loses  when  it  is  heated  is  just 
enoug;h  to  combine  with  the  oxide  of  copper,  and  as  there  is  an 
insufficient  amount  of  acid  to  unite  with  all  the  bases  present,  this  is 
rendered  probable.  Unfortunately  there  was  only  a  very  small 
quantity  of  the  mineral,  so  no  further  analyses  could  be  made. 

Pluvibo-calcite. 

Most  of  the  calcite  which  is  found  at  Leadhills  contains  some  lead 
carbonate.  The  transparent  crystals  contain  the  least,  whilst  the 
opaque  and  viti'eous  looking  varieties  contain  sometimes  as  much  as 
9'5  per  cent.  The  specific  gravity  does  not  vary  much  (2" 7 — 2'8). 
Six  different  specimens  were  analysed,  two  determinations  of  lead 
being:  made  in  each  case : — 


I. 

II. 

III. 

IV. 

V. 

VI. 

PbCOa 

1-4 

1-2 

1-4 

3-9 

5-2 

3-9 

CaCOa  (by  diff.) . . 

98-5 

987 

98-5 

96-0 

947 

96-0 

Lacroix  (Jahrb.  f.  Mm.,  1887,  Ref.,  i,  238—239)  also  found  that 
in  five  different  specimens  of  plumbo-calcite  from  Leadhills  the  lead 
carbonate  varied  from  27  to  9"5  per  cent.  This  mineral  is  evidently  a 
varying  mixture  of  the  two  carbonates. 

Pluraho-aragonite. 

It  is  somewhat  remarkable  that  corussite,  which  is  isomorphous 
with  aragonite,  should  be  found  combined  with  the  calcspar  in 
plumbo-calcite,  and  that  plumbo-aragonite  should  be  seldom  met 
with.  That  lead  carbonate  does,  however,  replace  calcium  carbonate 
in  aragonite  is  shown  by  the  following  analyses  of  two  undoubted 
specimens  of  ai*agonite  from  Leadhills:  — 

I.  II. 

PbC03 0-8  1-3 

CaCOs  (by  diff.) 99-1  98-6 

Professor  Heddle  {Min.  Mag.,  5,  1 — 31)  has  analysed  a  specimen  of 
aragonite  from  Leadhills,  but  did  not  find  any  lead  in  it.  CaCOa  =; 
96-4,  SrCOa  =  17,  K2O  =  0-6,  Na^O  =  11,  H^O  =  0-3. 

The  specific  gravity  of  plumbo-aragonite  does  not  differ  from  that 
of  ordinary  aragonite,  and  is  2*9. 

Strontianite. 
Strontianite  is  found  occasionally  at  Leadhills  in  solid,  crystalline 
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masses  of  a  brown  colour.     It  contains  a  certain  quantity  of  calcium 
carbonate.     Two  analyses  have  been  made  : — 

L  II. 

S2O 62-1  65-2 

CaO 6-4  3-6 

CO2 31-2  30-8 

I.  This  analysis  was  made  by  Mr.  Wheeler. 

Dolomite. 

This  dolomite  is  found  often  in  very  fine  crystals,  and  has  a  pink 
colour  due  to  oxides  of  iron  and  manganese : — 

I.  II. 

CaO 31-2  30-6 

MgO 14-3  14-5 

FeO. 61  5-3 

Fe^Os 3-5  4-5 

MnsOi 0-9  0-8 

COj 43-3  42-6 

Si02 0-72  1-9 

T.  This  analysis  was  made  by  Mr.  Wheeler. 

Calamine. 

Calamine  occurs  in  considerable  quantity  at  Leadhills,  and  can  be 
obtained  either  crystalline  or  in  botryoidai  masses  coloured  by  oxides 
of  iron  or  copper  : — 

Yellow.  Blue. 

£                II.  1.  ~Il. 

ZnO 590  59-9  60-6  62-1 

SiO, 31-5  32-1  24-2  24-3 

PbO —            1-5  27  1-9 

FeoOs 1-9  —                    1-9  1-2 

CuO —  —  trace  0-9 

S 2-6  trace  —  — 

H2O 4-9          5-2  10-17  9-3 

The  analyses  marked  I  were  made  by  Mr.  Wheeler. 
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XIV.— CONTRIBUTIONS   FROM    THE   LABORATORY   OF 
THE  UNIVERSITY  OF  ZURICH. 

II.  Piazine-derivatives. 

By  Arthur  T.  Mason,  Pli.D.,  F.I.C.,  Senior  Demonstrator  of 
Practical  Chemistry. 

In  a  paper  published  in  the  Berichte  (20,  267),  entitled  "  Ueber 
Condensations-derivate  des  Aethylendiamins,"  I  described,  amongst 
others,  two  substances  belonging  to  a  class  of  nitrogenous  compounds 
to  which,  at  the  snggestion  of  Professor  Merz,  I  gave  the  name 
"pyrazines;"    this    has   since   been    changed^  to  "  piazines."*      The 

*  In  a  paper  which  has  just  appeared  in  the  Journal  fiir  praktische  Chemie  (38, 
185),  Professor  Widman  discusses  tlie  defective  nomenclature  at  present  adopted  in 
the  aromatic,  and  more  especially  in  the  alkaloid  series.  In  many  cases,  the  names 
have  been  chosen  so  as  to  indicate  as  far  as  possible  the  methods  of  preparation 
first  discovered,  and  then  subsequent  investigators,  seeing  the  inappropriateness  of 
the  terms  thus  given,  have  adopted  new  ones,  so  that  in  not  a  few  cases  we  have  one 
and  the  same  compound  referred  to  by  different  investigators  under  totally  dilferent 
names.  A  good  illustration  of  this  is  offered  in  the  many  changes  which  the  important 
nitrogenous  compound,  above  mentioned  under  the  name  of  "  piazine,"  has  under- 
gone. Its  tetramethyl-derivative  was  discovered  in  1879  by  Gutknecht  in 
V.  Meyer's  laboratory  {Ber.,  12,  2290),  and  several  other  derivatives  were  imme- 
diately afterwards  studied  by  Treadwell  and  by  Treadwell  and  Steiger  {Ber.,  14, 
1461 ;  15,  1059),  and  named  at  the  suggestion  of  Victor  Meyer  "  ketines."  At  the 
suggestion  of  Professor  Merz  I  afterwards  proposed  the  name  "pyrazines"  {Ber. ,20, 
267),  and  in  the  same  Journal,  Wolff  adopted  independently  the  same  term  {Ber., 

20,  425)  in  both  instances,  with  the  object  of  bringing  out  the  analogy  with  the 
"  pyridines."  Victor  Meyer,  finding  the  term  "  ketines  "  inappropriate  afterwards, 
and  objecting  to  "  pyrazines  "  on  the  ground  that  Knorr  {Annalen,  238,  144)  had 
already  used  that  term  for  pyrazole  tetrahydride,  now  proposed  "aldines"  {Ber., 

21,  20),  but  most  of  the  investigators  who  have  worked  on  this  group  still  adopt 
the  name  "  pyrazines."  This  single  instance  shows  that  a  state  of  chaos  exists,  and 
that  some  systematic  nomenclature  is  an  absolute  necessity.  In  accordance  with 
this,  "Widman  has  propounded  a  systematic  nomenclature  for  all  compounds 
containing  nitrogen  in  the  ring.  Every  compound  is  an  "  azine "  which 
contains  a  ring  consisting  of  six  atoms  of  carbon  and  nitrogen.  He  calls 
them  respectively  monazines,  diazines,  triazines,  &c.,  according  as  they  contain 
one  or  more  atoms  of  nitrogen.  To  the  "monazines"  we  should  strictly 
huve  to  reckon  pyridine  and  quinoline,  but  to  alter  existing  names  in  these 
cases  is  impracticable  and  unnecessary.  The  "  diazines "  are  divided  into  three 
great  classes,  according  as  they  contain  the  nitrogen-atoms  in  para-,  meta-,  or  ortho- 
position  relatively  to  each  other.  The  first  member  of  the  para-class  would  thus 
be  styled  "  paradiazine,"  but  as  this  is  rather  long,  "  piazine  "  can  be  used.  In 
the   meta-class  we  should   have    "  metadiazine,"     which   when    shortened    gives 
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simplest  compounds  and  types  of  this  class  are  the  hypothetical 
"  piazine "  and  its  hexahydride,  the  latter  of  which  has  long  been 
known  as  "  diethylenediamine." 


EC 


HC 


/N  /N 


CH  H.C  CHo 

I  II' 

CH  H.,C  CHo 


\n/  \n/ 

Piaziue  (Pjraziiie).  Piazine  hexahydride  or 

diethylenediamine. 

The  derivatives  described  in  the  above-mentioned  paper  were 
"  phenanthrapiazine  (xenylene-pyrazine)  dihydride  "  and  "  diphenyl- 
piaziiie  dihydride,"  and  they  were  prepared  by  the  action  of  ethylene- 
diamine  on  phenanthrac^inone  and  beuzil  respectively ;  but  in  spite 
of  their  apparently  similar  modes  of  formation,  I  found  them  to 
possess  very  different  degrees  of  stability  towards  acids ;  for  whereas 
the  phenanthra-derivative  was  not  altered  by  concentrated  hydro- 
chloric acid  even  at  a  temperature  of  200°,  except  that  a  salt  was 
formed,  the  diphenyl-derivative  was  split  up  into  its  constituents  even 
by  the  dilutest  mineral  acids.  These  differences,  coupled  with  the 
fact  (see  p.  99)  that  diphenylpiazine  dihydride  gives  by  the  loss  of 
two  atoms  of  hydrogen  a  very  stable  base,  have  led  me  to  the  con- 
clusions, on  the  one  hand,  that  the  so-called  phenanthrapiazine 
dihydride  is  in  reality  only  phenanthrapiazine,  and,  on  the  other 
hand,  that  the  distribution  of  affinities  is  a  radically  different  one  to 
that  holding  in  diphenylpiazine  dihydride.  That  the  first  supposition 
w^as  correct  was  easily  proved  by  a  new  series  of  analytical  data.  For 
analysis,  the  substance  was  fecrystallised  from  glacial  acetic  acid,  and 
dried  at  100°.     The  following  results  were  obtained  : — 

01432  gram  gave  0'0579  gram  water  and  04385  gram  carbon  di- 
oxide. 

0"1540  gram  gave  0'0645  gram  water  and  0'4694  gram  carbon  di- 
oxide. 

0'1500  gram  gave  0"0620  gram  water  and  0'4605  gram  carbon  di- 
oxide. 


"  miazine,"  and  in  the  ortho-series  we  should  have  "  orthodiazin©,"  or  better, 
"  oiazine."  From  these  three  parent  substances  we  can  have  derivatives  containing, 
besides  the  nitrogen-ring,  a  benzene-ring,  to  denote  which  the  syllable  "phen"  is 
prefixed.  As  will  be  seen,  I  have  adopted  Widman's  nomenclature  in  this  paper, 
finding  it  most  decidedly  the  simplest  and  best. 
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Calculated  for 


Pheiianthrapiazine  Pbenaiithra-  Foiuul. 

dihvilride.  ])iaziiie. 


CsU.oN..  C.sUioNo.  1.  II.  III. 

C...     82-76  83-47  83-51        83-12        83-72 

H 5-17  4-37  4-49  4-G5  4-59 

These  results  point  most  decidedly  to  the  fact  that  the  compound 
is  simply  phenanthiupiazine,  and  this  agrees  with  recent  experiments 
made  by  Sti'ache  in  this  laboratory ;  he  found  that  in  the  condensa- 
tion of  a-propylenediamine  with  phenanthraquiuone,  two  atoms  of 
hydrogen  also  disappear,  phenanthramethylpiazine  being  formed. 
The  difference  in  the  distribution  of  atlinities  in  the  two  compounds 
is,  1  think,  well  expi'essed  by  the  following  formula? : — 


HC 


/^\  /^\ 


HC 


C— C6H4  H.C        CCfiHs 

II      I  'II 

C— CfiH^  H.,C        C-CfiHs 

Phenanthrapiaziue.  Diphenylpiazine  dihydride. 


In  corroboration  of  this  view  I  have  been  able  to  prepare  from  the 
unstable  diphenylpiazine  dihydride,  by  elimination  of  two  atoms  of 
hydrogen,  a  base  which  is  eminently  stable  towards  acids. 


lie 

(2,  3)  Diphenylpiazine,         \ 
HC 

\ 


/''\ 


C-CfiHi 

I 
CCeHj 


■N' 

The  above-mentioned  dihydride  melts  at  181°  to  a  yellow  liquid, 
and  if  heated  for  some  time  about  20°  above  this  temperature,  the 
viscous  mass  thus  obtained  does  not  become  solid  and  crystalline 
again  on  cooling;  not  until  it  had  stood  for  several  days  were  any 
signs  of  crystallisation  visible.  If,  however,  the  product  after  two  or 
three  hours'  heating  at  200"^  be  treated  with  tolerably  concentrated 
hydrochloric  acid,  the  greater  part  will  dissolve  on  warming,  and  on 
filtering  from  undissolved  resinous  matter  a  solution  of  the  hydro- 
chloride is  obtained ;  on  adding  water  to  this  until  a  permanent 
turbidity  appears,  and  allowing  it  to  stand,  the  new  base  is  deposited 
as  a  crystalline  precipitate,  the  hydrochloride  being  decomposed  by 
water.  On  recry stall isation  from  50  per  cent,  alcohol,  the  substance 
is  obtained  in  large,  colourless  plates  having  the  melting  point 
118 — 119°.  It  distils  with  slight  decomposition  at  about  340°,  small 
quantities    of    benzene    and   ammonia    being    liberated,    and    a   car- 
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bonaceons    residue    being    left.       The    benzene    was    recognised    by 
conversion  into  aniline,  and  testing  with  calcium  hypochlorite. 

On  finding  that  the  compound  was  capable  of  distillation,  I  imme- 
diately tried  this  method  of  preparation,  and  found  it  decidedlv  the 
best.  The  dihydride  is  quickly  distilled  from  a  fractionating  flask 
into  a  porcelain  dish.  It  parts  with  two  atoms  of  hydrogen,  and  the 
base  distils  as  a  pale-yellow  oil,  accompanied  by  a  small  quantity  of 
benzene;  this,  however,  soon  evaporates,  and  the  whole  on  cooling 
solidifies  to  a  mass  of  prismatic  needles  which  are  recrystallised  from 
amyl  alcohol,  and  washed  with  cold  light  petroleum.  The  mother- 
liquor  is  freed  from  light  petroleum  and  amyl  alcohol  by  distillation, 
and  the  residue  is  then  redistilled,  when  a  second  though  small 
portion  of  base  is  obtained ;  this,  however,  does  not  crystallise  until 
it  has  stood  several  days,  and  even  then  only  partially,  owing  to  the 
presence  of  another  compound  in  appreciable  quantity  in  the  form  of 
a  thick,  light  brown  syrup.  The  latter,  on  oxidation  with  chromic 
acid  in  glacial  acetic  acid  solution,  gave  small  quantities  of  benzoic 
acid,  but  probably  no  piazinecarboxylic  acid ;  it  was  not  further 
investigated.  Working  according  to  this  method,  and  starting  from 
85  grams  of  benzil,  I  got  70  grams  of  dihydride,  and  from  this 
55  grams  of  crude  distillate  which  on  recrystallisation  yielded 
40  grams  of  almost  pure  diphenylpiazine.  It  is  insoluble  in  water, 
easily  soluble  in  alcohol,  ether,  and  benzene.  From  light  petroleum, 
in  which  it  is  only  sparingly  soluble  in  the  cold,  more  easily  on 
heating,  it  crystallises  in  beautiful,  prismatic  needles.  The  substance 
dried  at  130°  gave  the  following  results : — 

0"1833  gram  gave  0  0908  gi*am  water  and  0"5595  gram  carbon  di- 
oxide. 

0"1620  gram  gave  0'0790  gram  water  and  0"4929  gram  carbon  di- 
oxide. 

Calculated  for  Found. 


[ 

I. 

11. 

83-24 

82-97 

5-50 

5-41 

t — ^ 

C 82-75  82-05 

H 5-17  5-98 

Diphenylpiazine  has  only  feeble  basic  properties,  being  precipi- 
tated by  water  from  its  solution  in  concentrated  acids.  It  dissolves 
in  concentrated  sulphuric  acid  with  a  golden-yellow  colour  which 
on  addition  of  water  becomes  green  ;  if  the  solution  in  concentrated 
acid  is  heated,  it  gradually  assumes  a  reddish  tinge.  If  a  crystal  of 
potassium  nitrate  be  added  to  the  golden-yellow  solution  in  concen- 
trated acid,  it  immediately  assumes  a  pale-green  colour ;  with 
potassium  dichroniate,  the  colour  is  dirty  green. 
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The  platinochlorlde,  (Ci6HioN2)2,H2PtClfi,  was  pi-opared  by  adding 
lijdrooliloric  acid  to  an  alcoliolic  solution  of  the  base,  and  then 
alcoholic  platinic  cliloride.  The  salt  soon  separates  in  the  form  of 
long,  yellow,  prismatic  needles  which,  as  the  i'ollowing  analyses  show, 
are  pure.     The  salt  was  dried  at  100°. 

O'lOOS  gram  salt  gave  0'0225  gram  platinum. 
01923        „        „        0-0426      „ 

Found. 

Calculated  for  ^ « . 

(C,fiH,.,N.,),,H2PtCl6.  I.  II. 

Pt 22-25  22-32        22-15 

No  methyl  iodide  addition  product  could  be  obtained,  even  on 
heating  at  150°,  the  base  behaving  in  this  i-espect  like  the  previously 
described  phenanthrapiazine. 

Dvnitrodiphcinjlpiazine,  Ci6Hi„Ni04,  is  prepared  by  warming  a  solu- 
tion of  the  base  in  concentrated  nitric  acid  for  some  time  on  the 
water-bath.  On  precipitation  with  water,  an  amorphous,  yellow 
powder  is  obtained  having  a  very  low  and  inconstant  melting  point ; 
hitherto  I  have  not  been  able  to  obtain  this  substance  iu  a  crystalline 
form.  It  is  easily  soluble  in  hot  alcohol,  only  sparingly  in  ether  and 
benzene,  insoluble  in  water  and  light  petroleum.  On  rubbing  the 
compound  in  an  agate  mortar,  it  becomes  strongly  electrical,  and  it  is 
only  with  the  greatest  difficulty  that  it  can  be  brought  together 
afterwards.  For  analysis  it  was  dried  in  a  vacuum  over  sulphuric 
acid. 

0-2058  gram  gave  32-6  c.c.  moist  nitrogen  at  21°  and  730  mm. 

Calculated  for 
Ci6H,oN404.  Found. 

N ir-39  17-30 

Reduction  of  Diplienylpiazine. 

The  method  followed  was  that  of  Wischnegradski-Ladenburg, 
improved  by  Bamberger  {Ber.,  20,  2915),  which  has  yielded  such 
excellent  results  of  late.  15  grams  of  sodium  were  added  quickly  to 
about  50  c.c.  of  almost  boiling  amyl  alcohol  contained  in  a  litre  flask 
connected  with  a  reflux  condenser,  and  to  this  was  added  in  a  con- 
tinuous stream  a  boiling  solution  of  diphenylpiazine  in  about  200  c.c. 
of  amyl  alcohol.  The  solution  of  the  base  is  best  added  by  means 
of  a  long  funnel  hanging  in  the  condenser  tube.  Immediately  the 
first  drop  comes  in  contact  with  the  sodium  the  whole  assumes  a 
rich  yellow  colour,  and  a  rather  violent  reaction  commences.  The 
contents  of  the  flask  were    kept   boiling    until   the    last   particle  of 
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sodium  had  disappeared,  and  then  poured,  while  still  hot,  into  about 
half  a  litre  of  cold  water,  the  whole  transferred  to  a  separating  funnel 
and  well  shaken  in  order  to  decompose  the  amyl  alcoholate.  The 
water  was  then  drawn  off,  and  the  residue,  after  washing  twice,  was 
distilled  from  a  fractionating  flask  till  the  temperature  had  risen 
to  about  150°  when  most  of  the  amyl  alcohol  had  passed  over.  The 
bases  which  on  cooling  solidify  to  a  crystalline  mass,  were  dissolved 
in  dilute  hydrochloric  acid,  filtered,  and  the  filtrate  boiled  with 
animal  charcoal  till  colourless.  On  precipitation  with  sodium  hydrate, 
the  bases  fall  as  an  almost  white,  crystalline  precipitate  composed  of 
slender  needles.  By  repeated  recrystallisation  from  light  petroleum, 
the  mixture  can  be  separated  into  two  portions,  from  which  two  dis- 
tinct hydrides  can  be  isolated  having  the  constant  melting  points 
122 — 123°  and  108 — 109°,  the  latter  being  the  more  easily  soluble. 
These  compounds  are  apparently  accompanied  by  a  third  having  a 
much  lower  melting  point.  The  properties  of  the  bases  are  so 
similar  that  it.  was  only  by  working  on  considerable  quantities  of 
rather  expensive  material  that  I  was  able  to  prepare  enough  of  the 
two  compounds  to  compare  their  properties  and  those  of  some  of 
their  derivatives.  In  the  following  part  of  the  paper  I  describe 
merely  the  experimental  results  hitherto  obtained,  reserving  theo- 
retical considerations  for  a  future  communication  when  I  hope  to 
have  isolated  the  third  base.  The  two  hydrides  are  referred  to  as 
a,  and  /3  respectively,  as  on  analysis  they  both  gave  numbers  closely 
agreeing  with  those  demanded  by  diphenylpiazine  hexahydride. 

The  simplest  nomenclature  to  adopt  for  the  substitution  products 
of  the  "  piazines  "  is  probably  the  one  made  use  of  in  this  paper  ;  it 
was  suggested  by  Knorr's  nomenclature  for  the  "  pyrazoles."  The 
following  scheme  will  illustrate  its  use  (^Annalen^  238,  137)  :  — 


(5)HC 

I 
(6)HC 


(4) 


CH(3) 

I 
CH(2) 


(1) 

a.  (2,  3)  Diphenylpiazine  Hexahydride,  CieHisXz- 
This  base  crystallises  from  light  petroleum  in  long,  slender,  white 
needles  having  the  constant  melting  point  122 — 123°.     It  is  a  strong 
base,  dissolving  readily  in   dilute  acids.     Analysis  of  the  substance 
dried  at  100°  gave  the  following  numbers  : — 

0'1279    gram   gave   0089    gram    water  and    0"3767    gram    carbon 
dioxide. 


I. 

II. 

80-32 

80-66 

773 

7-91 
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0-1482   gram  gave  0-1056   gram  water   and    0-4372    gram  carbon 

dioxide. 

Found. 
Calrulated  for 

C,oH„N,. 

C    80-66 

H 7-57 

Tlie  base  is  easily  soluble  in  alcohol  and  benzene,  less  readily  in 
ether  and  light  petroleum,  and  insoluble  in  water. 

Hydrochloride,  Ci6Hi8N2,2HCl. — The  base  dissolves  readily  in  dilute 
hydrochloric  acid,  and  on  evaporation  and  standing  in  the  cold  the 
salt  separates  in  long,  glistening,  white  needles.  For  analysis  the 
salt  was  dried  at  100°,  a  previous  experiment  having  shown  that 
there  was  no  water  of  crystallisation  in  the  air-dried  salt.  Melting 
point  about  310°. 

0-137  gram  gave  0-126  gram  silver  chloride. 

Calculated  for 
Ci6HisNo,2HCl.  Found. 

CI  22-82  22-79 

Plathwchloride,  Cif.H,pN2,H2PtCl6  +  ^HoO.— The  hydrochloride  in 
aqueous  solution  is  treated  with  platinic  chloride  ;  on  standing,  the 
salt  separates  as  a  yellow,  crystalline  powder.  It  is  recrystallised 
from  dilute  hydrochloric  acid  and,  as  thus  prepared,  forms  golden- 
yellow,  prismatic  needles.  The  analysis  gave  the  following  num- 
bers : — 

0*2499  gram  of  air-dried  salt  gave  0'0035  gram  water  at  100°. 
0-2499  „  „  0-0737      „     platinum. 

Calculated  for 
CisHigNo.HsPtCls  +  iJI.fi.  Found. 

HoO 1-37  1-40 

Pt 29-61  29-49 

Kifroso-derivative,  CieHigNeOi. — The  base  was  dissolved  in  dilute 
hydrogen  chloride,  and  to  the  cold  solution  an  aqueous  solution  of 
potassium  nitrite  was  added  as  long  as  any  precipitation  took  place. 
The  white,  crystalline  powder  was  collected,  washed  well  with  water, 
and  recrystallised  from  dilute  alcohol.  It  separates  after  a  short  time  in 
white,  prismatic  needles  which,  after  a  second  recrystallisation,  melt 
sharply  at  142 — 143°  to  a  pale-yellow  liquid.  It  is  insoluble  in  water 
and  light  petroleum,  easily  soluble  in  alcohol  and  benzene,  but  only 
sparingly  in  ether.  For  the  nitrogen  determination,  the  substance 
was  dried  at  100°;  the  following  results  wfere  obtained : — 

0-160  gram  gave  33-4  c.c.  moist  nitrogen  at  16°  and  723  mm. 
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Calculated  for 
CisHibNbO^.  Found. 

N    23-31  2313 

Tlie  compound  has,  therefore,  in  all  probability  the  following  con- 
stitution :  — 

NNO 

/\ 
j^OHHC       CHCgHj 

NOHHC       CHCgHs " 

NNO 

The  further  study  of  this  interesting  substance  is  reserved. 

Action  of  Methyl  Iodide  on  the  oc-Hydride,  CieHiglSro. 

The  base  dissolves  in  methyl  iodide  to  a  clear,  colourless  liquid, 
which  on  warming  on  the  water-bath  to  expel  excess  of  iodide  and 
allowing  it  to  remain  in  the  cold,  crystallises  to  an  almost  colourless 
mass,  the  mother-liquor  reacting  strongly  acid.  Recrystallised  from 
hot  water,  it  forms  long,  colourless  needles.  It  was  dried  at  100°  for 
the  iodine  estimation  : — 

0-1515   gram  gave  0-0889    gram  silver  iodide ;  0-1525  gi-am  gave 
0-09077  gram  silver  iodide. 

Found. 

Calculated  for  ,-— * ., 

C18H23N2I.  I.  II. 

I 32-06  81-G9         32-14 


It  is  thus  seen  that  the  substance  is  a  hydriodide  of  the  (1,  4) 
dimethyl  (2,  3)  diphenylpiazine  tetrahydride.  It  is  singular  that  only 
a  monacid  salt  is  formed,  the  other  molecule  of  liydriodic  acid  re- 
maining in  the  aqueous  solution. 

(1,  4)  Dimethyl  (2,  3)  Diphenylpiazine  Tetrahydride, 
CH3-N(CH3)-CH-C6H5 

CH2-N(CH3)-CH-C6H5' 

is  a  strong  base,  and  is  precipitated  in  slender,  white  needles  from  an 
aqueous  solution  of  the  above  salt  on  treatment  with  sodium  carbonnte. 
The  substance  thus  obtained,  however,  is  mixed  with  small  quantities 
of  a  compound  of  a  very  low  melting  point,  and  it  is  brst  to  extract 
sevei'al  times  with  etber  after  adding  the  sodium  carbonate,  in  orrier 
to  free  the  mixture  from  this  product.  The  aqueous  solution  is  then 
evaporated  to  a  small  volume,  and  on  standing  deposits  the  new  base 
in  long,  colourless  needles,  having  the  melting  point  268 — 264°.     It 
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is  easily  soluble  in  alcohol  and  water  on  warming,  but  only  very 
sparingly  in  ether  and  benzene.  For  analysis,  the  substance  was  dried 
at  100°,  and  the  following  numbers  were  obtained  : — 

0"1538   gram  gave  0"1183  gram  water  and   0'4560  gram  carbon 
dioxide. 

Calculated  for 

CigKeoNo.  Found. 

C 81-20  80-86 

H 8-27  8-54 

FJatinum  Doiihle  Salt,  (C,8H,oN,)3,2HCl,(PtCl4)3  +  8H2O. 

The  base  was  dissolved  in  absolute  alcohol,  concentrated  hydro- 
chloric acid  added,  and  then  an  alcoholic  solution  of  platinic  chloride. 
The  salt  separates  as  a  yellowish-brown,  crystalline  powder,  which 
can  be  recrystallised  from  dilute  hydrochloric  acid.  Thus  prepared 
the  salt  forms  yellow,  prismatic  needles,  which  on  analysis  give  the 
following  numbers  : — 

J  0-149G  gram  air-dried  salt  gave  0-0127  gram  water  at  120°. 
10-1496^       „  „  „  0-0343       „     platinum, 

r  0-1620         „  „  „         0-0130       „     water  at  120°. 

10-1620  „  „  „  0-0372        „     platinum. 

Found. 
Calculated  for  ^ " > 

(Ci8H22N2)3,2HCl,(PtCl4)o    +    8H0O.  I.  II. 

HoO  8-53  8-48  8-02 

Pt 23-03  22-92         2296 

The  salt  for  analyses  I  and  II  were  from  different  preparations. 

(3  (2,  3)  Diphenylpiazine  Hexahydride,  CieHis^z- 

This  base  is  more  easily  soluble  in  light  petroleum  than  the  a-cora- 
pound,  and  remains  in  the  filtrates  together  with  small  quantities  of 
the  base  of  low  melting  point  above  mentioned,  from  which,  however, 
it  is  difficult  to  completely  separate  it.  The  most  suitable  solvent  is  50 
per  cent,  alcohol,  from  which  it  separates  in  long,  silky,  white  needles. 
By  repeated  recrystallisation,  the  melting  point  ultimately  becomes 
constant  at  108 — 109°.  When  freshly  prepared  and  still  moist,  the 
needles  present  a  glistening,  silky  appearance,  but  on  drying  they 
become  dull  white,  the  change  being  in  all  probability  due  to  the  loss 
of  water  or  alcohol  of  crystallisation  ;  the  distinction  between  the  a- 
and  /3-compounds  being  very  marked.  Like  the  a-base,  it  is  easily 
soluble  in  alcohol  and  benzene,  less  so  in  ether,  and  insoluble  in  water  ; 
it   has   strong   basic   properties,   dissolving  easily  in  dilute    mineral 
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acids.     For   analysis,    the   substance   was  dried   in   a    vacuum    over 
sulplinric  acid;  the  following  results  were  obtained: — 

01527  gram  gave  O'llOS  gram  water  and  0449  gram  carbon  dioxide. 
0-1409  „         0-099  „  „         0-4416     „ 

0'168  ,,  19  c.c.  moist  nitrogen  at  25°  C.  and  720  mm. 

01863  „  20-3  „  „  10°  C.     „    723     „ 

Found. 

Calculated  for  f * ^ 

CifiHisN.,.  I.  II. 

C 80-66  80-19        80-25 

H 7-57  8-02  7-80 

N 11-76  12-31         12-03 

Hydrocldoride,  Ci6Hi8N2,2HCl. — The  base  is  dissolved  in  alcohol, 
concentrated  hydrochloric  acid  added,  and  the  whole  allowed  to 
stand,  when  the  salt  separates  in  colourless,  prismatic  needles.  The 
melting  point  is  about  295°.  As  the  air-dried  substance  contains  no 
water  of  crystallisation,  it  was  dried  at  120°  for  analysis : — 

0-1520  gram  gave  0-1384  gram  silver  chloride. 

Calculated  foi- 

Ci6H,8N2,2HCl.  Found. 

CI 22-82  22-57 

Platinochloride,  Ci6Hi8N2,H2PtCl6  +  2H2O. — The  base  is  dissolved 
in  95  per  cent,  alcohol,  concentrated  hydrochloi'ic  acid  added,  and 
then  an  alcobolic  solution  of  platinic  chloride.  On  standing,  the 
solution  deposits  long,  pale-yellow  needles,  which  as  the  following 
analyses  show  are  pure : — 

0-1201  gram  air-dried  salt  gave  at  120'^  C.  0-0064  gram  water. 

0-1201      „  „  „  „         „  0-0067 

0 1210       „  „  ,.  „         0-0339  gram  platinum. 

Found. 

Calculated  for  ^ * -^ 

CigHisNs.H.^PtClfi  +  2H2O.  I.  II. 

H2O 5-26  5-32  5-54 

Pt 28-44  —  28-01 

On  oxidation  with  chromic  acid  in  glacial  acetic  acid  solution, 
(2,  3)  diphenylpiazine  gives  a  phenylpiazinecarboxylic  acid,  which 
yields  well-characterised  salts.  The  melting  point  is  about  202°. 
This,  as  well  as  other  products,  shall  be  described  in  a  future  paper. 
In  conjunction  with  Mr.  L.  A.  Dryfoos,  to  whom  1  am  indebted  for 
several  of  the  analyses  in  the  above  paper,  1  am  studying  the  action 
of  ethylenediamine  on  the  recently   discovered    a-diketones  of   the 
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fatty  series,  and  have  already  obtained  interesting  results  which  we 
hope  to  communicate  to  the  Society  at  no  distant  date.  I  cannot 
close  this  paper  without  expressing  my  thanks  to  Professor  Victor 
Merz  for  his  kindness  and  valuable  advice  during  the  whole  of  my 
fitudent  life  at  Ziirich. 


XV.— CONTRIBUTIONS  FROM  THE  LABORATORY  OF  THE 
UNIVERSITY  OF  ZURICH. 

No.  III.  Acetamide  and  Phenanthraquinone. 

By  Arthur  T.  Masox,  Ph.D.,  F.I.C. 

During  experiments  undertaken  some  time  ago  with  the  view  of  ascer- 
taining whether  the  amido-groups  in  oxamide  were  available  for 
condensation  purposes,  I  had  occasion  to  heat  that  substance  in 
closed  tubes  with  phenanthraquinone  and  glacial  acetic  acid  for  some 
hours  at  220 — 230°.  The  tubes  were  then  found  to  contain  consider- 
able quantities  of  a  dark-red,  crystalline  substance,  and  on  opening 
them  a  great  deal  of  carbon  monoxide  and  dioxide  escaped.  This  led 
me  to  the  conclusion  that  the  oxamide,  at  least  to  a  great  extent,  had 
undergone  decomposition  with  formation  of  these  gases,  and  that  pro- 
bably the  amido-groups  had  reacted  with  the  quinone.  Some  tubes 
Avere  now  tilled  with  oxamide  and  glacial  acetic  acid  alone,  and  heated 
as  before  for  four  hours  to  220 — 230°,  in  order  to  see  if  at  this  tem- 
perature any  reaction  took  place  in  the  absence  of  phenanthra- 
quinone.* The  whole  of  the  oxamide  had  now  disappeared,  leaving  a 
perfectly  clear  and  colourless  solution,  and  there  was  a  great  pressure 
on  the  tubes,  the  same  gases  escaping  on  opening  as  in  the  previous 
experiments.  The  whole  was  submitted  to  distillation  from  a  frac- 
tionating flask.  After  the  excess  of  acetic  acid  had  gone  over,  the 
thermometer  rose  rapidly  to  about  210°,  and  between  that  temperature 
and  215°  almost  the  w^hole  distilled  as  a  colourless  liquid,  solidifying 
in  the  receiver  to  long  needles  and  having  a  slight  odour  of  acetamide. 
By  recrjstallisation  from  ether  or  benzene,  the  substance  entirely  lost 

*  The  action  of  foniiic  acid  and  acetic  anhydride  on  oxamide  Avas  studied  by 
Scheitz,  Marsh,  and  Geuther  in  1868  {Zeitschrift,  1868,  301).  They  state  that 
acetic  anhydride  is  -s^-ithout  action  on  oxamide  at  140 — 160°.  This  is  also  my 
experience  at  that  temperature,  but  at  220 — 230°  the  reaction  is  complete,  as  shown 
above,  even  with  glacial  acetic  acid. 

I  2 
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the  acetamide  smell  and  was  then  considered  to  be  free  from  that 
substance.  On  combustion  of  the  compound,  dried  in  a  vacuum  over 
sulphuric  acid,  the  following  results  were  obtained : — 

0'1935  gram    gave    0"1528    gram  water  and  0"2890  gram   carbon 

dioxide. 
0"1248  gram  gave  27"5  c.c.  nitrogen  at  21°  C.  and  730  mm. 

Calculated  for 

CaHsNO.  Found. 

C 40-67  40-73 

H 8-47  8-77 

N 23-72  24-07 

These  numbers,  as  will  be  seen,  are  the  ones  required  by  acetamide^ 
and  taking  into  consideration  the  other  properties  of  the  substance,  I 
was  forced  to  the  conclusion  that  I  had  in  reality  acetamide  in  my 
hands,  but  freed  from  the  smell  which  had  hitherto  been  supposed  to 
be  its  principal  characteristic.  To  finally  decide  the  point,  pure 
acetamide  obtained  from  Kahlbaum  was  redistilled  and  then  recrys- 
tallised  several  times  from  absolute  ether,  whereby  a  perfectly 
odourless  product  was  obtained,  crystallising  exactly  like  and  in  all 
respects  identical  with  the  one  I  had  prepared  from  oxamide.  It  even 
suffices  to  rectify  twice,  rejecting  the  first  portions  of  the  distillate, 
which  seem  to  contain  the  bulk  of  the  odoriferous  principle,  in  order 
to  obtain  a  practically  pure  preparation. 

Quantities  of  20  grams  of  perfectly  pure  acetamide  distilled  com- 
pletely at  213-5—214=  (corr.  216-5—217°  C),  with  the  barometer  at 
728  mm.,  and  Kahlbaum's  preparation  twice  rectified  as  above,  dis- 
tilled at  exactly  the  same  temperature. 

I  have  since  heard  that  results  similar  to  those  here  described  in 
connection  with  acetamide  have  been  obtained  in  another  laboratory. 
That  my  observations  are  the  older  ones,  however,  is  clear  from  the 
fact  that  mention  thereof  was  made  by  Professor  Merz  in  his  lectures 
over  two  years  agen  ■ 

After  the  fact  had  thus  been  established  that  acetamide  is  one 
of  the  products  of  the  action  of  acetic  acid  on  oxamide,  it  was 
thought  that  this  substance  might  also  be  a  principal  factor  in 
the  formation  of  the  crystalline  red  compound  mentioned  above, 
Phenanthraqninone  was  therefore  heated  in  sealed  tubes  with  acet- 
amide and  glacial  acetic  acid,  and,  as  expected,  large  quantities 
of  the  red,  crystalline  compound  were  obtained.  It  proved  on 
investigation  to  be  a  very  indifferent  substance,  the  only  solvents 
found  being  aniline,  nitrobenzene,  and  phenol.  It  was  repeatedly  re- 
crystallised  from  nitrobenzene,  and  ultimately  obtained  in  the  form  of 
yellowish-brown,  flat   needles,  having  a   melting    point   about  400°, 
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Great  inconvenience  Avas  at  first  caused  during  its  combustion,  the 
carbon  being  deposited  in  a  grapliitie  form  on  the  sides  of  the  tube  and 
in  the  boat,  and  rendering  it  necessary  to  heat  for  several  hours  in  a 
current  of  pure  oxygen,  before  complete  oxidation  was  effected. 
Working  according  to  this  method  the  following  results  were  obtained 
on  analysis.  The  substance  for  I  was  recrystallised  from  nitrobenzene 
five  times,  then  washed  with  ether  till  odourless,  and  dried  at  120°. 
For  II,  a  sublimed  sample  was  used  : — 

0-1692  gram  gave  0-0704  gram  H,0  and  0-54-10  gram  COo. 
0-1330  „  0-0566      „  „        0-4335 

0-2045  „  13-4  c.c.  moist  nitrogen  at  185°  C.  and  728  mm. 

0-2145  „  14-5  c.c.       „  „  21°         „        726    „ 

Found. 
Calculated  for 
CigHigNj. 

C    88-42 

H 4-21 

N"  7-36 

The  substance  possesses,  therefore,  in  all  probabilit}^  the  empirical 
formula  (CuH8)oN2)  which  is  also  that  of  a  compound  isolated  by 
Sommaruga  (Jahi-esherichf,  1880,  735)  from  the  products  of  the  action 
of  alcoholic  ammonia  on  phenanthraquinone,  and  by  Japp  and 
Burton  by  the  distillation  of  ditolane-azotide  over  heated  soda-lime. 
The  latter  authors  proved  that  it  was  an  azine  and  gave  it  the 
name  tetraphenylene-aziue  (Japp  and  Wilson,  Trans.,  1886,  830, 
footnote,  and  Japp  and  Burton,  ibid.,  1887,  101).  This,  according 
to  Widman's  nomenclature  (see  previous  paper),  would  become 
diphenanthrapiazine. 

The  compounds  obtained  by  these  different  methods  agree  in  their 
properties,  and  there  can  be  little  doubt  that  we  have  to  do  with  one 
and  the  same  substance.  The  yield  by  the  above  method  is  almost 
theoretical. 


I. 

II. 

87-68 

88-88 

4-62 

4-72 

7-21 

7-33 
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XY I. — Note  on  Fhioride  of  Methyl. 

By  Norman  Collie,  Ph.D.,  F.R.S.E. 

In  a  paper  published,  in  the  Comptes  rendus  (1888,  107,  1155),  a  new 
method  is  described  by  Moissan  and  Meslans  for  the  preparation  of 
fluoride  of  methyl.  But  as  they  do  not  seem  to  be  aware  that  Dr. 
Lawson  and  myself  prepared  this  substance  by  the  action  of  heat  on 
the  fluoride  of  tetramethylammonium,  1  now  take  the  opportunity  of 
bringing  before  this  Society  the  results  of  some  further  experiments 
made  with  this  gas,  although  they  are  not  yet  completed.  Determina- 
tions have  been  made  of  the  vapour-pressures  of  methyl  fluoride  at 
various  temperatures ;  the  sp.  gr.  and  critical  point  have  also  been 
ascertained ;  and  the  combined  action  of  chlorine  and  sunlight  on  this 
gas  has  been  studied. 

The  method  given  by  Moissan  for  the  production  of  methyl  fluoride, 
namely,  the  action  of  methyl  iodide  on  silver  fluoride,  is  by  no 
means  so  easily  carried  out  as  the  one  employed  by  Lawson  and 
myself,  for  the  products  of  the  reaction  have  to  be  passed  through  a 
lead  spiral  cooled  to  —  50°,  and  then  over  silver  fluoride  heated  to  90°, 
in  order  to  free  the  gas  from  traces  of  iodine  and  methyl  iodide.  By 
the  action  of  heat  on  fluoride  of  tetramethylammonium,  a  mixture  of 
pure  trimethylamine  and  methyl  fluoride  is  produced,  and  the  former 
can  be  completely  absorbed  by  passing  the  vapour  through  a  U-tu.be 
filled  with  pumice  stone  moistened  with  strong  sulpharic  acid,  leaving 
the  methyl  fluoride  perfectly  pure. 

A  determination  of  the  sp.  gr.  of  the  gas  gave  17'38  as  compared  with 
hydrogen,  the  theoretical  sp.  gr.  being  17"05.  The  following  measure- 
ments of  some  of  the  physical  constants  of  methyl  fluoride  were  made 
in  conjunction  with  Professor  Ramsay.  A  modified  Andrews  ap- 
paratus, of  which  a  drawing  and  description  is  to  be  found  in  the 
Philosophical  Transactions  (1887,  A,  p.  59),  was  employed.  Its  volume 
tube  was  filled  with  methyl  fluoride  by  repeatedly  exhausting  and 
admitting  the  gas.  The  gas  was  then  compressed  and  liquefied.  The 
following  table  shows  the  vapour  pressures  of  methyl  fluoride.  The 
pressures,  it  should  be  remarked,  are  absolute,  the  actually  read 
pressures  in  the  air  gauges  being  converted  by  means  of  Amagat's 
measurements  of  the  compressibility  of  air.  The  lower  temperatures 
were  secured  by  jacketing  with  water  ;  the  higher  temperatures,  which 
are  more  accurate,  by  means  of  alcohol  vapour  boiling  under  reduced 
pressures.     (See  Trans.,  1885,  47,  640.) 
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Ill 


Tom  p. 

Press. 

Temp. 

Press. 

Temp. 

Press. 

mm. 

mm. 

mm. 

-5°C. 

113G5 

15°  C. 

23003 

35°  C. 

36204 

0 

14.G9G 

20 

25621 

40 

40496 

5 

17740 

25 

28840 

45 

46010 

10 

20091 

30 

3275G 

— 

— 

A  second  series  was  obtained  with  gas  presumably  not  so  pure, 
inasmuch  as  the  numbers  arc  somewhat  higher.  Still  the  methyl 
fluoride  must  have  been  even  then  very  nearly  pure,  as  the  followiner 
results  at  40°  show  : — 


(a.)  All  liquid    42962 

(h.)   Half  gas   41584 

(c.)    Liquid  gone  ....      39868 


(d.)  Trace  of  liquid 
(e.)  Smaller  trace  . 
(/.)  Minute  trace  .. 


mm. 
41951 
41052 
40622 


It  will  be  observed  that  the  last  observation  is  nearly  coincident 
with  that  of  the  former  series  at  40°.  In  each  series,  the  small  bubble 
of  air  was  absorbed  by  the  liquid  without  much  rise  of  pressure. 

The  critical  temperature  and  pressure  were  determined  by  direct 
observation.  It  need  hardly  be  remarked  that  a  laborious  series  of 
researches  is  necessary  to  determine  the  point  accurately ;  for  it  can 
only  be  ascertained  by  constructing  sets  of  isothermals,  and  deducing 
from  them  the  true  temperature,  pressure,  and  volume.  Still  the 
numbers  may  be  regarded  as  far  more  accurate  than  many  similar 
determinations.  The  substance  assumed  the  critical  state  at  44"9°, 
and  at  a  pressure  of  47123  mm. ;  here  again,  the  pressure  is  probably 
a  little  too  high  owing  to  the  presence  of  a  trace  of  air ;  and  the  tem- 
perature too  low.  The  error  in  pressure  probably  does  not  exceed 
1500  ram.,  and  the  temperature  0'2^. 


Actiuii  of  Chlorine  on  Methyl  Fluoride. 

When  chlorine  and  methyl  fluoride  are  mixed  in  equal  volumes  and 
exposed  to  sunlight,  substitution  of  the  hydrogen  in  the  methyl 
fluoride  takes  place  at  ouce,  and  in  a  few  hours  the  mixture  becomes 
quite  colourless.  Several  experiments  were  made,  and  always  with 
the  same  result,  a  chlorofluoride  of  methylene  and  hy^drogen  chloride 
was  produced,  and  no  diminution  occurred  in  the  volume  of  the  gas  ; 
equal  volumes  of  the  two  gases  were  formed.  In  one  experiment,  the 
amount  of  hydrogen  chloride  produced  was  titrated  with  decinormal 
ammonia  solution.  128"5  c.c.  of  methyl  fluoride  were  mixed  with 
128'5   c.c.   of  pure  chlorine,  and  exposed  in   the  sunlight  for  three 
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hours;  the  amount  of  hydroQcen  chloride  obtained  was  0"207  gram, 
while  the  amount  required  by  theory  is  0"209  gram,  supposing  the 
reaction  to  take  place  as  follows  : — 

CH3F  +  CI2  =  CH2CIF  +  HCl. 

The  methylene  chlorofluoride  seems  to  be  more  soluble  in  water 
than  fluoride  of  methyl,  but  is  easily  expelled  again  when  the  aqueous 
solution  is  warmed.  This  property  can  be  made  use  of  in  purifying 
the  gas  from  traces  of  air. 

The  sp.  gr.  of  the  gas  was  found  to  be  34"18,  while  the  theoretical 
sp.  gr.  is  34' 25.  The  gas  is  hardly  inflammable,  and  considerable 
difficulty  was  experienced  in  exploding  it  with  oxygen  alone,  the 
combustion  only  taking  place  when  a  powerful  electric  spark  was 
passed  through  the  mixture  ;  when  mixed,  however,  with  hydrogen 
and  oxygen,  it  explodes  easily  with  an  ordinary  electric  spark. 

Several  analyses  were  made,  with  the  following  results  : — 

I.  I.  III. 

Taken  of  gas    4'1  c.c.         8'5  c.c.         8'5  c.c. 

Carbon  dioxide  produced  . .      4*0    ,,  7'5    ,,  8"0    ,, 

Thus  showing  that  the  gas  produced  its  own  volume  of  carbon 
dioxide  after  combustion. 

j^n  estimation  of  the  chlorine  was  also  made;  0'03526  gram  gas 
gave  0'072  gram  AgCl  =  50' 6  per  cent.  CI. 

Calculated  for 
Found.  CHX'IF. 

CI    50-5  51-8 

An  attempt  was  made  to  estimate  the  fluorine,  but  the  results  were 
3  per  cent,  too  low. 

Methylene  chlorofluoride  seems  to  be  much  more  easily  decom- 
posed by  water  than  methyl  fluoride,  for  if  an  aqueous  solution  of 
this  gas  be  allowed  to  stand  for  two  or  three  days,  both  hydrochloric 
and  hydi-ofluoric  acids  can  be  detected  in  the  water. 

Methylene  chlorofluoride  does  not  seem  to  react  easily  with  chlo- 
rine, and  the  two  gases  when  mixed  in  equal  volumes  and  exposed  to 
sunlight  for  many  days,  remain  partly  uncombined.  I  hope,  however, 
to  be  able  to  continue  the  investigation. 

I  may  mention  that  experiments  made  to  obtain  tetraflaoride 
of  carbon,  by  passing  a  mixture  of  fluoride  of  silicon  and  carbon 
dioxide  through  a  platinum  tube  heated  to  bright  redness,  were  not 
successful.  Silica  was  certainly  formed  in  the  platinum  tube,  and 
traces  of  a  liquid  were  obtained  which  might  possibly  have  been 
tetrafluoride  of  carbon,  but  unfortunately  only  in  such  small  quanti- 
ties that  no  analysis  could  be  made. 
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Durino;  these  experiments,  when  llie  niixluie  of  cailxm  dioxide 
and  silicon  tetrafluoride  was  ])assed  through  a  red-liot  platinum  tube, 
the  following  piece  of  apparatus  was  found  to  be  extremely  useful, 
and  might  doubtless  be  also  used  in  many  other  experiments  where 
the  same  result  is  desired.  The  object  was  to  enable  a  continuous 
stream  of  the  same  gas  to  be  slowly  passed  again  and  again  through 
the  red-hot  platinum  tube. 


A  was  connected  with  the  platinum  tube,  beyond  which  was  a 
balloon  (with  two  stopcocks)  containing  the  mixed  gases.  B  was 
connected  directly  with  the  balloon.  The  tube  C  was  made  of  the 
ordinary  glass  tubing,  such  as  is  used  for  the  Sprengel  pump.  When 
the  receiver  D  was  filled  with  mercury  and  raised  just  high  enough 
to  allow  the  mercury  to  flow  down  the  tube  C,  gas  was  carried  down 
with  the  falling  mercury  into  the  wider  tube  E  ;  here  the  mercury 
escaped  into  the  basin  F,  while  the  gas  was  forced  through  B  back 
again  into  the  balloon,  and  was  then  ready  to  be  used  again. 
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XVII. — Researches  on  the  Constitution  of  Azo-  and  Biazo-derivatives. 
V.  Compounds  of  the  Naphthalene  ji- Series — continued. 

By  Raphael  Meldola,  F.R.S.,  and  Gilbert  T.  Morgan. 

In  the  last  paper  referring  to  the  present  branch  of  investigation 
(Trans.,  1888,  460 ;  Meldola  and  East),  it  was  shown  that  the  azo- 
derivatives  of /3-naphthol  contain  an  atom  of  hydrogen  capable  of  being 
displaced  by  acid  radicles,  a  property  which  they  share  in  common 
with  their  a-analogues  (Zincke  and  Bindewald,  Ber.,  1884,  3030).  Of 
the  alkyl-derivatives  of  the  azo-y3-naphthol  compounds,  the  only  re- 
presentative at  present  known  is  the  benzeneazo-/^-naphthyl  ether  of 
Weinberg  (Ber.,  1887,  3171).  The  importance,  from  a  theoretical 
point  of  view,  of  ascertaining  whether  this  displaceable  hydrogen- 
atom  of  the  azo-/S-naphthol  compounds  is  attached  to  the  oxygen  or 
to  the  nitrogen  of  the  azo-group  has  from  time  to  time  been  pointed 
out  in  the  course  of  the  present  series  of  researches,  and  has  recently 
been  emphasized  in  a  paper  read  by  one  of  the  authors  at  the  Bath 
meeting  of  the  British  Association  (Phil.  Mag.,  1888,  403).  The 
present  paper  contains  the  results  of  experiments  undertaken  with 
the  object  of  throwing  further  light  on  this  question. 

I.  Benzoyl-derivatives  of  Azo-^-Naphthol  Compounds. 

Acetyl-derivatives  of  azo-/3-naphthol  compounds  can  be  prepared, 
as  pointed  out  in  the  last  paper,  by  two  distinct  methods.  If  the 
radicle  attached  to  the  azo-group  is  more  or  less  of  an  acid  character, 
such  as  nitrophenyl,  CeHi-NO^  (p  or  m),  the  corresponding  y3-naph- 
thylamine  azo-compound  is  attacked  by  nitrous  acid  in  the  presence 
of  glacial  acetic  acid,  with  the  formation  of  the  azo-naphthyl  acetate 
(loc.  cit.,  p.  465).*     This  method  does   not  appear  to   be  applicable 

*  The  formation  of  phenylic  acetates  from  the  corresponding  amines,  by  means  of 
the  diazo-reaction  in  the  presence  of  glacial  acetic  acid,  was  made  known  in  a  paper 
communicated  to  the  Chemical  Society  of  Germany  on  January  24tli,  1888  (Ber., 
1888,  601),  and  in  a  subsequent  paper  read  to  this  Society  (Trans.,  May,  1888, 
465),  it  was  stated  that  "  as  the  reaction  promises  to  be  widely  applicable  for  the 
synthesis  of  phenylic  acetates  and  other  ethereal  salts,  it  is  proposed  to  extend  the 
investigation  in  this  direction,  and  to  make  a  special  study  of  the  conditions  which 
determine  the  displacement  of  amidogen  by  the  CVHsO-O-group  by  means  of  the 
diazo-reaction."  Notwithstanding  the  publicity  thus  given  to  the  method,  and  the 
explicit  claim  to  continue  its  further  investigation,  a  paper  appeared  in  the  Amer. 
Chem.  Jour,  of  last  September  (10,  368)  by  W.  R.  Orndorff,  containing  th6 
restilts  of  the  application  of  this  reaction  for  the  formation  of  phenyl,  cresyl,  and 
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when  the  radicle  attached  to  the  azo-group  is  not  acid,  such  as 
phenyl  or  naphthvl,  CeHs,  C10H7,  &c.,  in  the  azo-/i-naphthylamine  com- 
pounds. In  such  cases,  however,  azo-/J-naphthyl  acetates  can  be 
prepared  by  the  direct  acetylation  of  the  azo-/3-naphthol  compounds 
by  means  of  sodium  acetate  and  acetic  anhydride,  and  the  same 
method  is  generally  applicable,  whatever  may  be  the  nature  of  the 
radicle  associated  with  the  azo-group.  The  same  remarks  apply  to 
the  benzoyl-derivatives  of  azo-/3-naphtlu)l  compounds,  some  of  which 
have  been  prepared  by  both  methods  in  the  manner  described  below. 

JBenzeneazo-fi-Naphthyl  Benzoate,  C6H5'N'2-CioH6-OC7H50(/3). 

This  compound  cannot  be  prepared  by  fusing  benzeneazo-(3-naph- 
thylamine  with  excess  of  benzoic  acid,  and  adding  the  calculated 
quantity  of  sodium  nitrite  to  the  mixture  :  complete  decomposition 
takes  place  under  these  circumstances  with  the  formation  of  tarry 
products.  A  mixture  of  benzeneazo-/3-naphthol  with  dry  sodium 
benzoate  and  benzoic  anhydride,  if  heated  for  some  hours  to  tlie  fusing 
point  of  the  anhydride,  gives  only  a  small  yield  of  the  azo-/3-naphthyl 
benzoate,  owing  to  the  diflficulty  of  keeping  the  mixture  in  a  homo- 
geneous fluid  condition,  and  to  the  continuous  loss  of  anhydride  by 
sublimation.  After  many  partially  successful  attempts  with  benzoyl 
chloride,  the  following  method  was  found  to  give  perfectly  satisfactory 
results  : — 

Benzeneazo-/3-naphthol  is  mixed  with  about  an  equal  weight  of  dry 
and  finely  powdered  sodium  benzoate,  and  the  mixture  is  then  made  just 
past}'  with  benzoyl  chloride.  The  flask  containing  the  mixture  is  fitted 
with  a  cork  perforated  for  the  reception  of  a  tube  drawn  out  to  a  fine 
point,  and  heat  is  applied  by  immersing  the  flask  in  boiling  water.* 
The  reaction  commences  immediately  on  the  application  of  heat,  and 
is  complete  in  about  an  hour,  when  the  product  is  repeatedl}'  extracted 
with  hot  water  as  long  as  benzoic  acid  is  dissolved  out.  The  contents 
of  the  flask  fuse  to  a  dark  reddish  oil  under  boiling  water,  a  property 
which  facilitates  the  washing  operations,  as  the  oil  and  hot  water  can 
be  thoi'oughly  mixed  by  agitation,  and  the  former  rapidly  subsides  to 
the  bottom  of  the  flask  on  allowing  the  contents  to  remain  at  rest  for 
a   few   minutes.      The    benzoyl-derivative   is    easily    decomposed    by 

other  acetates  from  aniline,  toluidine,  &c.  The  investigation  of  the  method  lias 
been  going  on  in  my  laboratory  since  the  beginning  of  last  year,  and  these  and 
other  acetates  and  benzoates  had  been  prepared  from  the  diazo-salts  of  the  corre- 
sponding amines  before  the  appearance  of  the  paper  bv  the  author  refei-red  to. 
— R.  M. 

*  At  higher  temperatures  the  reaction  takes  a  different  course ;  tarry  products 
are  formed  which  have  not  been  further  investigated. 
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ammonia,  even  when  the  latter  is  very  dilute,  so  that  it  is  unsafe  to 
attempt  to  shorten  the  washing  by  the  use  of  ammonia.  In  some  of  our 
first  preparations,  unaltered  benzeneazo-/3-naphthol  was  always  found, 
and  this  was  afterwards  traced  to  the  use  of  ammonia  in  the  washing 
waters.  Sodium  or  ammonium  carbonate  also  readily  hydrolyse  the 
benzoyl-derivative,  and  it  is  evident  that  the  benzoyl-group  is  much 
more  readily  removed  from  this  compound  than  is  the  acetyl  from 
benzeneazo-/3-naphthyl  acetate.  When  completely  washed,  the  sub- 
stance is  crystallised  from  boiling  alcohol,  in  which  it  dissolves  readily. 
A  specimen  was  further  purified  for  analysis  by  dissolving  in  chloro- 
form, in  which  it  freely  dissolves  in  the  cold,  and  allowing  the  solvent 
to  evaporate  spontaneously  in  an  open  dish.  The  substance  forms 
dense,  orange-red  crystals  melting  at  125°. 

0-1025  gram  gave  0-2951  gram  CO2  and  0-0438  gram  H,0. 

0-0894  gram  burnt  in  a  vacuum  with  CuO  gave  5-9  c.c.  moist  N  at 

13°  C,  and  770-1  mm.  bar. 

Calculated  for 
H23H16N2O0.  Found. 

C 78-41  78-52 

H 4-55  4-74 

N 7-95  7-90 

Metanitrohe7izeneazo-j3-Naphthi/l  Benzoate, 
(m)N02-C6H4-N2-CioH6-OC7HaO(/3). 

Metanitrobenzeneazo-^«naphthylamine  (m.  p.  182°)  is  fused  with 
excess  of  benzoic  acid,  and  the  calculated  quantity  of  dry  sodium 
nitrite  added  in  small  portions  to  the  fused  mixture.  Nitrogen  is 
freely  given  off,  and  when  all  the  nitrite  has  been  added,  the  product 
is  washed  with  hot  water  till  free  from  benzoic  acid.  The  washing 
may  in  this  case  be  accelerated  by  the  use  of  dilute  ammonia  without 
fear  of  decomposition.  The  washed  product  is  crystallised  from  hot 
glacial  acetic  acid,  in  which  it  is  not  very  soluble,  and  finally  from 
boiling  alcohol,  in  which  it  dissolves  only  very  sparingly,  separating 
on  cooling  in  the  form  of  dull,  reddish-orange,  silky  needles.  The 
melting  point  is  171°.  The  following  results  were  obtained  on 
analysis  :  — 

0-1676  gram  gave  0-4280  gram  CO.  and  0-0612  gram  H^O 
0*2196  gram  burnt  in  a  vacuum  with  CuO  gave  19-8  c.c.  moist  N^ 
at  17°  C.  and  761-7  mm.  bar. 

Calculated  for 
C03H15N3O4.  Found. 

C 69-52  69-64 

H 3-77  4-05 

N 10-57  10-48 
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The  substance  is  formed  in  this  process  according  to  an  action 
perfectly  similar  to  that  which  gives  rise  to  the  production  of  the 
acetate. 

<^^°^«<NH?'^'  ^^^'  +  NaNO,  +  2C,H,0-0H  = 

C,oH6<^:^^|^^^^^-  +  C^HaO-ONa  +  N,  +  2H,0. 

The  benzoate  may  also  be  prepared  by  direct  benzoylation,  and  this 
method  is  much  more  convenient  when  the  compound  is  required  in 
quantity.  For  this  purpose,  metanitrobenzeneazo-  -  naphtliol  (ra.  p. 
194°)  is  mixed  with  about  its  own  weight  of  dry  powdered  sodium 
benzoate,  and  enough  benzoyl  chloride  added  to  make  the  mixture 
into  a  paste.  The  contents  of  the  flask  are  then  kept  just  at  the  boil- 
ing point  of  the  benzoyl  chloride  for  4 — 5  hours.  The  product  is 
washed  with  dilute  ammonia,  and  purified  by  crystallisation  in  the 
manner  already  described, 

II.  Reduction  of  Azo-^-Naphtliol-derivatives  containing  Acid  Radicles. 

In  order  to  see  whether  any  information  concerning  the  position  of 
the  displaceable  hydrogen-atom  could  be  derived  from  a  study  of  the 
products  of  reduction  of  the  acetyl  and  benzoyl-derivatives,  these 
compounds  were  reduced  with  tin  and  hydi-ochloric  acid  and  with 
stannous  chloride  under  various  conditions. 

Reduction  of  Benzeneazo-^-Naplithyl  Acetate. 

An  alcoholic  solution  of  the  above  compound  is  soon  decolorised 
if  boiled  with  tin  and  hydrochloric  acid.  On  distilling  off  the  alcohol 
and  filtering  to  remove  tarry  impurities,  the  filtrate  on  standing 
graduall}'  deposits  a  white  curdy  substance,  which  under  the  microscope 
is  seen  to  consist  of  agglomerations  of  white  needles.  The  addition 
of  strong  hydrochloric  acid  to  the  solution  promotes  the  deposition  of 
the  white  compound.  The  latter  was  therefore  purified  by  being 
collected,  dissolved  in  hot  Avater,  filtered,  and  reprecipitated  by  the 
addition  of  strong  hydrochloric  acid,  this  treatment  being  repeated 
till  the  substance  dissolved  without  leaving  any  residue.  The  white 
substance  thus  obtained  proved  to  be  the  hydrochloride  of  a  mixture 
of  bases.  Many  specimens  were  prepared  and  analysed  v.'ithout  any 
concordant  results  being  obtained ;  all  attempts  to  separate  the 
m^ixture  into  its  constituents  by  fractional  crystallisation  or  by  con- 
version into  other  salts  were  unsuccessful.  The  free  bases  could  not 
be  isolated  owing  to  their  extremely  oxidisable  character.  This  pro- 
duct of  reduction  contains  a  considerable  quantity  of  ii:-amido-/i-naph- 
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tliol,  the  presence  of  tlie  latter  compound  being  shown  by  the  formation 
of  /3-naphthaquinone  on  oxidation  by  ferric  chloride. 

In  spite  of  the  unfavourable  results  obtained  in  our  first  experiments, 
the  reduction  was  repeated,  an  alcoholic  solution  containing  the 
theoretical  quantity  of  stannous  chloride  being  gradually  mixed  with 
a  slightly  warm  alcoholic  solution  of  the  substance.  After  the  mixture 
had  stood  for  some  hours,  the  alcohol  was  distilled  off,  and  the  product 
treated  as  above.  The  same  white  hydrochlorides  were  obtained,  but 
the  substance  was  evidently  a  mixture,  and  «-amido-/3-naphthol  was 
identified  as  one  of  its  constituents  as  before.  The  analyses  showed 
that  in  this  case  the  mixture  contained  different  proportions  of  the 
bases  from  those  pi'esent  in  the  product  formed  by  violent  reduction 
with  tin  and  hydrochloric  acid.  In  both  series  of  experiments,  the 
filtrate,  after  the  removal  of  the  white  hydrochlorides  first  deposited, 
was  treated  with  sulphuretted  hydrogen  in  order  to  remove  tin,  and 
after  the  removal  of  the  stannous  sulphide  the  filtrate  was  evaporated 
to  a  small  bulk,  made  alkaline  with  caustic  soda,  and  submitted  to 
steam  distillation,  when  a  considerable  quantity  of  aniline  was  obtained, 
showing  that  this  base  is  one  of  the  products  of  reduction. 

According  to  the  current  hypotheses  of  the  constitution  of  the  azo- 
y3-naphthol  compounds,  the  acetyl -derivative  of  benzeneazo-/3-naphthol 
may  have  one  of  the  following  formulae  : — 

C2H3O  ^ 

I  /^ 

I.  II.  III. 

The  first  of  these  is  what  may  be  called  the  old  formula,  the  second 
is  that  proposed  by  Liebermann,  and  the  third  is  Zincke's,  that  is,  the 
hydrazone  formula. 

Supposing  the  compound  to  be  capable  of  complete  reduction 
without  the  elimination  of  acetyl,  these  three  compounds  might  be 
expected  to  yield  the  following  products  : — 

I.  Aniline  and  «-amido-y3-naphthyl  acetate. 
II.  Aniline  and  a-acetamido-/3-naphthol. 
III.  Acetanilide  and  a:-amido-/3-naphthol. 

We  may  state  at  once  tliat  a  most  careful  search  for  acetanilide  in 
the  product  of  reduction  has  led  to  negative  results.  If  the  acetyl 
were  attached  to  the  nitrogen-atom  it  is  impi'obable  that  this  group 
would  be  removed  under  the  conditions  of  reduction,  since  acetanilide 
is  well  known  to  be  a  stable  compound  under  such  circumstances. 
The    third   formula   apj:'  '' .i   therefore    to  be   inadmissible,  and    the 
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decision  rests  between  Nos.  I  and  II.*  A  complication  of  tlie 
question,  however,  here  arises  from  the  possibiHty  of  intramolecular 
migration  of  the  acetyl.  Thus,  according  to  the  formula?,  the 
naphthalene  portion  of  the  molecule  ought  to  give  on  complete 
reduction — 

p  H  ^^^^ ^"^^         or      r   H  /NH(C.H,0).  .  (cc) 

I.  II. 

The  investigations  of  Bottcher  {Ber.,  1883,  1933)  have  shown  that 
such  a  compound  as  No.  I  is  incapable  of  existence,  as  it  immediately 
becomes  transformed  into  No.  II.  This  "was  proved  by  preparing  the 
acetyl-derivative  of  «-nitro-/:J-naphthol  and  reducing  the  latter,  when 
a  phenolic  substance,  viz.,  acetamido-/i-naphthol,  was  obtained  instead 
of  the  basic  amido-/i-uaphthyl  acetate.  The  acetyl-group  accordingly 
becomes  transferred  from  the  oxygen  to  the  nitrogen,  probably 
through  the  intermediate  formation  of  the  anhydro-base  and  hydra- 
tion of  the  latter  : — 

CloH6<^Q.QQQTT       —      HoO      ==      CloIl6<^Q^C"CH3, 

Cu,H6<Q>C-CH3  +  H.O  =  C,oHc<^g'^^^^l 

Whichever  of  the  formulae  (I  or  II)  be  the  correct  one,  it  might 
therefore  be  expected  tbat  extreme  reduction  would  give  rise  to  the 
same  acetamido-/3-naphthol.  The  latter  is  a  perfectly  stable  phenolic 
substance  melting,  according  to  Bottcher,  at  225".  It  does  not  appear 
to  be  present,  however,  among  the  products  of  reduction  of  benzene- 
azo-iS-naphthyl  acetate,  obtained  by  us  in  accordance  with  the  method 
previously  described.  Caustic  soda  does  not  dissolve  any  stable  sub- 
stance out  of  the  mixed  hydrochlorides,  but  simply  gives  a  mixture  of 
highly  oxidisable  bases,  the  chief  constituent  of  which  is  undoubtedly 
(*-amido-/3-naphthoI.  The  extreme  reduction  of  the  acetate  therefore 
gives  rise  to  the  formation  of  aniline  and  a-amido-/3-naphthol  as  chief 
products,  a  fact  which  is  in  itself  of  considerable  importance  in 
connection  w^ith  the  present  line  of  investigation,  since  it  shows  that 
the  acetyl-group  is  split  off  during  reduction,  and  this  lends  support 
to  the  view  that  the  said  radicle  is  attached  to  oxygen,  and  not  to 
nitrogen,  in  the  original  compound. 


*  The  formula  proposed  by  one  of  the  authors  (Meldola,  Phil.  Mag.,  Not.  1888, 
p.  411)  is  for  the  present  left  out  of  consideration,  because  it  indicates  the  formation 
of  products  of  reduction  identical  with  those  indicated  hy  No.  I. 
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Identification  of  x-Amido-fi-Naphthol. 

At  this  stage  of  tlie  work,  seeing  tliat  the  products  of  reduction  of 
the  acetyl-derivative  contained  some  other  base  in  addition  to  amido- 
yS-naphthol,  it  became  necessary  to  discover  a  method  by  which  the 
mixed  bases  could  be  converted  into  stable  derivatives  capable  of 
being  separated  and  characterised.  The  identification  of  the  amido- 
naphthol  itself  presents  but  little  difficulty,  since  it  gives  /3-naphtha- 
quinone  on  oxidation  with  ferric  chloride.  It  is  well  known,  how- 
ever, that  the  foi'mation  of  this  quinone  is  somewhat  capricious,  and 
when  formed  it  is  not  easy  to  identify,  unless  in  a  condition  of 
tolerable  purity.  The  quinone  could  not  be  obtained  pure  from  our 
mixed  hydrochlorides,  because  the  oxidising  agent  also  attacked  the 
other  base  with  which  the  amidonaphthol  was  mixed,  and  so  gave 
rise  to  the  formation  of  impurities  of  a  resinous  character.  The 
method  of  oxidation  being  thus  destructive  to  the  other  base,  had  to 
be  abandoned.  It  was  then  found  that  the  purified  hydrochlorides 
when  dissolved  in  water  and  treated  in  the  cold  with  dilute  hydro- 
chloric acid  and  sodium  nitrite,  gave  a  crystalline,  yellow  substance 
which,  after  being  collected  and  washed,  was  identified  as  nitroso-yS- 
naphthol  (melting  point  about  110°).  This  last  substance  is  formed 
by  the  action  of  nitrous  acid  on  a-amido-/3-naphthol,  according  to  a 
process  of  decomposition  which  has  not  hitherto  been  studied,  but 
which  has  also  been  observed  by  Dr.  H.  E.  Ai'mstroug.*  The  action 
of  nitrous  acid  thus  confirms  the  presence  of  a-amido-/3-naphthol,  but 
as  this  reagent  did  not  appear  to  give  a  satisfactory  product  with  the 
other  base  its  use  was  also  abandoned.  Benzoyl  and  acetyl- deriva- 
tives of  the  mixed  bases  were  next  prepared,  and  these  promised  to 
answer  our  requirements,  so  that  in  the  first  place  the  benzoyl  and 
acetyl- derivatives  of  pure  i6-amido-/3-naphthol  were  prepared  and 
studied,  in  order  that  we  might  familiarise  ourselves  with  their 
properties.  As  these  derivatives  have  not  hitherto  been  described, 
we  think  it  may  be  of  use  to  give  further  particulars,  as  they  are  well 
characterised  and  stable  crystalline  substances,  very  easy  of  prepara- 
tion, and  thus  offering  many  advantages  over  the  quinone  method  for 
the  identification  of  a-amido-/3-naphthol,  when  the  latter  is  mixed 
with  other  oxidisable  bases. 

Benzeneazo-/3-naphthol  was  reduced  in  alcoholic  solution  with  tin 
and  hydrochloric  acid,  the  alcohol  distilled  ofi",  and  the  amido- 
naphthol hydrochloride  allowed  to  crystallise  out  of  the  solution  in 
the  usual  way.  This  salt  was  collected,  dissolved  in  water,  and  again 
crystallised  with  the  addition  of  strong  hydrochloric  acid,  this  process 

*  Prirate  communication  to  one  of  the  authors. 
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being-  repeated  till  the  substance  dissolved  complrtfly  in  water.  The 
aniline  and  tin  salts  are  thus  got  rid  of,  and  the  pure  amidonaphthol 
hydrochloride  is  left  as  a  white,  crystalline  compound.  The  hitter  was 
collected,  drained  completely  from  adhering  mother- liquor,  and  dried 
in  the  w^iter-oven.  The  dry  salt  was  then  just  covered  with  glacial 
acetic  acid,  and  powdered  anhydrous  sodium  acetate  and  acetic 
anhydride  added.  The  mixture  was  boiled  for  2 — 3  hours,  and  the 
acetyl-derivative  thrown  out  by  dilution  with  water.  The  substance 
was  collected,  w^ashed,  and  purified  by  crystallisation  from  alcohol,  in 
which  it  readily  dissolves  when  hot,  and  separates  very  slowly  on 
cooling  in  the  form  of  dense,  colourless,  transparent,  rhombic  prisms, 
melting  sharply  at  206°.  Analysis  showed  that  the  compound  was  a 
diacetyl-derivative : — 

01081  gram  gave  0-2742  gram  COo  and  0-0502  gram  H.,0. 
0-1460     „         „       7-6  c.c.  moist  N  at  17'^  C.  and  738-4  mm.  bar. 
0-3458     „         „    18-2         „         „         14-5°  C.  and  731-5      „ 

Calculated  for  Found. 

^lotie^OCoHsO  •  I.  II. 

C  69-13  69-18  — 

H 5-35  5-16  — 

N  5-76  5-84  5-94 

The  substance  is  accordingly  acetamido-/3-naphthyl  acetate.  It  is 
of  interest  to  note  that  the  acetylation  in  this  case  leads  to  the  forma- 
tion of  a  diacetyl-derivative  and  not  of  an  anhydro-base,  although 
the  amidonaphthol  is  an  ortho-derivative.  As  a  parallel  instance,  we 
may  mention  a-/^-naphthylenediamine  which,  although  an  ortho- 
compound,  also  gives  a  diacetyl-deinvative,  and  not  an  anhydro-base, 
on  acetylation  (Lawson,  Inang.  Diss.,  1885,  p.  26). 

By  heating  dry  amido-/S-naphthol  hydrochloride  w^ith  anhydrous 
sodium  benzoate  and  benzoyl  chloride  to  the  boiling  point  of  the 
latter,  for  about  two  hours,  a  dibenzoyl- derivative  is  formed.  The 
product  of  the  reaction  is  washed  repeatedly  with  hot  water  and 
dilute  ammonia,  and  finally  purified  by  two  or  three  crystallisations 
from  boiling  alcohol,  in  which  the  substance  dissolves  somewhat 
sparingly.  The  pure  compound  forms  whitish  needles  melting  at 
226-5°. 

01186  gram  gave  0-3420  gram  CO2  and  0-0544  gram  H,0. 
0-1508  gram  burnt  in  a  vacuum  with  CuO  gave  5  c.c.  moist  N  at 
245*'  and  7653  mm.  bar. 


VOT,.  LV. 
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Calculat.-d  for 

C  78-47  78-66 

H 4-63  5-09 

K 3-81  3-73 

These  results  show  that  the  compound  is  benzamiclo-S-naphthTl 
benzoate  and  that,  as  in  the  case  of  acetylation,  both  the  hydroxyl 
and  aiiiidogen  of  the  amidonaphthol  are  simultaneously  attacked. 

Mild  Bedudion  of  Benzeneazo- fi-Naplithol  and  its  Acetyl-derivative. 

In  accordance  with  the    well-known  fact  that  aromatic  azo-com- 
pounds  by  mild  reduction  yield  hydrazo-compounds,  which  under  the 
influence  of  acids  become  transformed  into  bases  of  the  diphenyl  or 
naphthylphenyl  series,  it  became  of  interest  to  investigate  the  action 
of  mild  reducing  agents  on  the  azo-compounds  of  /3-naphthol.     Com- 
mencing with  the  simplest  case,  benzeneazo-^-naphthol  was  dissolved 
in  a  sufficient  quantity  of  alcohol  to  retain  the  whole  of  the  substance 
in  solution  when  cold,   and  stannous  chloride  mixed  with  alcohol  was 
added  to  the  solution  till  reduction  had  been  effected.     The  alcohol 
was  distilled  off,  and  the  residual  solution,  after  filtration  to  remove 
a  small  quantity  of  tarry  matter,  was   mixed  with   dilute  sulphuric 
acid,   and   allowed  to   stand    for    24  hours.     A  small  quantity  of  a 
crystalline  substance,  consisting  of  slender,  white  needles,  had  sepa- 
rated, but  the  yield  was  too  small  to  enable  analyses   to  be  made. 
The    presence    of    sulphuric    acid    was    proved    qualitatively    in    the 
compound  after  the  latter  had  been  purified  by  crystallisation  from 
boiling  water,  in  which  it  dissolves  with  great  difficulty.     The  sub- 
stance is  in  all  probability  the  sulphate  of  diamido-oxynaph thy  1  phenyl, 
and  we  hope  to  return  to  its  investigation  on  a  future  occasion,  but 
the  small  yield  has  deterred  us  from  making  further  experiments  in 
this    direction,    as    the    preparation   of    this    compound    has  only  an 
indirect  bearing  on  the  present  line  of  work.     The  free  base  is  very 
unstable,  forming  dark  products  of  oxidation  with  extreme  rapidity 
on  exposure  to  the  air.     During  the  boiling  of  the  solution  of  the 
sulphate  for  the  purpose  of  purifying  this  salt,  a  considerable  loss 
was  incurred  by  the  formation  of  a  resinous  product.     If  the  sulphate 
is  basified  by  ammonia,  a  greenish  colouring  matter  is  produced  by 
the  action  of  atmospheric  oxygen.     A  small  quantity  of  the  sulphate 
heated  with  dry  sodium  acetate  and  acetic  anhydride  gave  an  acetyl- 
derivative,  which,   after  crystallisation  from   alcohol,  formed  small, 
white  needles  melting  at  130 — 131°. 

Benzeneazo-/3-naphthyl  acetate,  when  reduced  in  a  similar  manner 
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with  stannous  chloride  in  culd  uUoholic  soliiHon,  gives  u  inixtui-e  of 
bases  from  which  nothing  definite  could  be  isolated.  Araido-/3- 
naphthol  is  undoubtedly  present,  but  not  in  sufficient  quantity  to 
separate  out  as  a  hydrochloride  in  the  presence  of  excess  of  acid. 
The  presence  of  amido-|3-naphthol  was  proved  by  the  formation  of 
nitroso-/^-naphthol  by  the  action  of  sodium  nitrite  on  the  acid  solu- 
tion. The  other  base  which  is  present  is  so  rea  hly  decomposable  that  a 
dark  resinous  scum  is  continually  formed  during  the  evaporation  of  the 
solution.  The  addition  of  sulphuric  acid  to  the  solution  of  the  hydro- 
chlorides does  not  cause  the  separation  of  an  insoluble  sulphate. 
Nevertheless  the  absence  of  a  naphthylphenyl  base  cannot  be  inferred 
from  this  circumstance,  because  it  is  highly  probable  that  such  a  base, 
if  formed,  would  contain  the  acetyl-group  in  one  of  the  amidogeiis,  and. 
would  thus  lose  the  propert}'  of  forming  an  insoluble  sulphate.  We 
have  proved  that  such  a  naphthylphenyl -derivative  is  formed  by  a 
method  which  is  described  further  on,  so  that  the  unstable  base  pre- 
sent in  solution  with  the  amidonaphthol  is  in  all  probability  the 
acetyl-derivative  of  diamidohydroxynaphthylphenyl  with  the  acetyl 
in  one  of  the  amidogen-groups  by  intramolecular  transference,  i.e., 

NH,-C.H,-C>oH,<^.^^^-^]3|.^^  gives  NH.-C,H,-CioH,<^^'^^^^("\ 

The  proof  that  such  a  base  is  formed  is  furnished  by  the  isolation 
of  the  diacetyl-derivative.  The  mixture  of  dry  hydrochlorides, 
obtained  by  the  reduction  of  benzeneazo-/3-naphtliyl  acetate  in  slighfl// 
ivarm  alcoholic  solution  with  stannous  chloride,  was  boiled  for  about 
two  hours  with  glacial  acetic  acid,  dry  sodium  acetate,  and  acetic 
anhydride.  The  product  was  diluted  with  water,  collected,  washed, 
and  crystallised  two  or  three  times  from  hot  alcohol.  Microscopic 
tieedles  were  obtained,  melting  sharply  at  252°.  From  the  first 
mother-liquor  there  slowly  separated  the  familiar  rhombic  prisms  of 
acetamido-/3-naphthyl  acetate  (m.  p.  206").  The  substance  melting 
at  252°  was  analysed  with  the  following  results  : — 

I.  0-1513  gram  gave  0-3892  gram  CO2  and  0-0724  gram  HoO. 
II.  0-1310  „  0-33G8 

III.  0-1194  „  0-3076  „  „     0-0581 

IV.  0-2154  „  131  CO.  N  at  15°  C.  and  745  mm.  bar. 

Found. 


Calculated  for 
C22H20X.1O4. 

r 
I. 

II. 

III.        IV. 

c .... 

70-21 

70-15 

70-12 

70-26      — 

H.... 

5-31 

5-31 

— 

5-40      — 

N.... 

7-44 

— 

— 

—       6-98 
K  2 
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These  numbers  indicate  that  the  compound  is  the  triacetyl-deriva- 
tive  of  diamido-hydroxynaphthjlphenyl,  the  constitutional  formula 
being — 

O-CoHgO 

CiH30-HN<^         N— /        NnHC.HsO. 

/        \ 
\ / 

The  other  base  mixed  with  the  amido-/3-naphthol  is,  accordingly, 
the  monacetyl-derivative  of  diamido-hydroxynaphthylphenyl,  the 
acetyl  being  most  probably  present  in  the  a-amidogen-group  through 
intramolecular  migration  in  the  manner  explained.  The  absence  of 
two  amidogen-groups  in  the  monacetyl-derivative  appears,  as  we  have 
already  stated,  fi*om  the  fact  that  it  does  not  form  an  insoluble  sul- 
phate, a  property  which  is  so  eminently  characteristic  of  all  the  bases 
of  the  benzidine  series,  and  which,  as  we  have  previously  shown, 
pertains  to  diamido-hydroxynaphthylphenyl  itself. 

Summing  up  the  results  given  by  the  present  investigation  of  the 
products  of  reduction  of  benzeneazo-^-naphthyl  acetate,  the  following 
conclusions  have  been  ai'rived  at : — 

1.  By  violent  reduction  with  tin  and  hydrochloric  acid,  the  chief 
product  is  a-amido-^-naphthol,  a  small  quantity  of  the  monacetyl- 
derivative  of  diamidohydroxynaphtbylphenyl  being  at  the  same  time 
produced.  The  splitting  ofi'of  acetyl  favours  the  view  that  this  radicle 
is  attached  to  the  oxygen  atom  and  not  to  the  nitrogen  atom. 

2.  Reduction  in  cold  alcoholic  solution  with  stannous  chloride  gives 
monacetyldiamido-hydroxynaphthylphenyl  as  the  chief  product, 
a-amido-/3-naphthol  being  at  the  same  time  formed  in  smaller 
quantity. 

3.  Moderate  reduction  with  stannous  chloride  in  warm  alcoholic 
solution  gives  a  mixture  of  the  two  bases,  from  which  the  triacetyl- 
derivative  of  the  hydroxynaphthylpheuyl  base  can  be  isolated  by 
acetyl ation  and  crystallisation  of  the  product. 

In  all  three  cases,  aniline  is  also  one  of  the  products  of  reduction. 

Reduction  of  Benzeneazo- ^-NapMhyl  Benzoate. 

When  this  compound  is  reduced  by  boiling  its  alcoholic  solution 
with  tin  and  hydrochloric  acid,  the  products  are  aniline  and  a-amido- 
/3-naphthol,  the  benzoyl-group  being  split  off  as  in  the  case  of  the 
acetate  when  it  is  submitted  to  violent  reduction.  A  cold  alcoholic 
solution  of  the  benzoate,  when  mixed  with  a.  solution  of  stannous 
chloride,  al.so  gives  a  considerable  quantity  of  amido-y3-naphthol 
together  with  a  benzoyl-derivative  of  a  naphthylphenyl  base.     The 
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separation  of  the  two  products  in  tliis  case  ofFers  no  difficulty,  as  the 
basic  properties  of  the  latter  are  neutralised  by  the  benzoyl-group  and 
the  substance  is  insoluble  in  dilute  acids.  After  the  reduction  is 
complete,  the  alcohol  is  distilled  off,  the  residue  diluted  with  water 
and  filtered.  The  filtrate  contains  the  amido-/3-naphthol  hydrochlo- 
ride, which  can  be  identified  in  the  usual  manner.  The  dark,  tarry, 
insoluble  residue  left  alter  this  treatment  is  extracted  two  or  three 
times  with  hot  dilute  hydrochloric  acid,  then  washed  with  water,  and 
finally  extracted  with  cold  alcohol,  which  dissolves  out  a  tarry  impurity 
and  leaves  the  crude  naphthylphenyl-derivative  in  the  form  of  a 
whitish,  crystalline  powder.  The  latter,  after  being  twice  crystallised 
from  boiling  alcohol,  in  which  it  is  rather  sparingly  soluble,  forms 
white,  silky  needles  melting  at  172 — 173"  : — 

0-1004  gram  gave  0-2860  gram  CO2  and  0041G  gram  HoO. 
0-0813  gram  burnt  in  a  vacuum  with  CuO  gave  5'5  c.c.  moist  N  at 
14°  C  and  760-9  mm.  bar. 

Calculated  for 
C2aHi8N.202.  Found. 

C 77-96  77-69 

H 5-08  4-60 

N 7-91  7-86 

The  formula  deducible  from  these  analyses  indicates  that  the  com- 
pound is  a  monobenzoyl-derivative  of  diamidohydroxynaphthlyphenyl. 
The  yield  is  not  very  great,  as  the  chief  products  of  reduction  are, 
even  under  the  described  conditions  of  working,  chiefly  amido-^- 
naphthol  and  aniline.  The  fact  that  the  substance  is  not  basic  tells 
against  the  view  that  two  amido-groups  are  present,  and  points  10  the 
ti-ansference  of  the  benzoyl  from  the  oxygen  to  the  nitrogen  in  the 
naphthalene  nucleus  by  the  same  process  as  that  which  takes  place 
with  the  corresponding  acetate.  We  are,  therefore,  led  to  the  view 
that  the  constitutional  formula  of  the  compound  is — ■ 

OH 

H2N<^        \— /        ^NH-CVHsO. 


/ 


The  proposed  formula  certainly  indicates  a  phenolic  substance, 
whereas  our  compound  is  insoluble  in  aqueous  alkali.  The  disguising 
of  the  phenolic  character  of  the  molecule  by  the  proximity  of  the 
CvHsO-NH-group  seems,  however,  more  probable  than  that  two  free 
amido-groups  should  be  present  when  the  distinctly  non-basic  character 
of  the  substance  is  borne  in  mind.  For  this  reason  we  attach  the 
greater  weight  to  the  above  formula. 
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The  general  conclusion  to  which  these  experiments  point  is  that  the 
acid  radicle,  acetyl  or  benzoyl,  introduced  into  benzeueazo-i3-naphthol 
or  its  derivatives  displaces  an  atom  of  hydrogen  which  is  attached  to 
oxygen  and  not  to  nitrogen.  This  is  shown  by  the  facility  with  which 
the  radicle  is  split  off  during  reduction  and  by  the  absence  of  acetanilide 
or  benzanilide  among  the  products  of  reduction.  The  transference  of 
the  radicle  from  the  oxygen  to  the  nitrogen  in  the  naphthylphenyl  base 
is  effected  by  intramolecular  change  in  the  ortho-position,  through  the 
intermediate  formation  of  an  anhydro-base.  An  investigation  of  the 
products  of  reduction  of  the  alkyl-derivatives  of  azo-/i-naphthol 
compounds  has  been  carried  on  concurrently  with  the  foregoing 
experiments,  and  the  resuUs  will  be  made  known  in  a  subsequent 
communication.  In  the  early  part  of  the  present  research,  we  received 
much  assistance  from  Mr.  E.  H.  R.  Salmon,  and  more  recently  we  have 
liad  the  benefit  "of  the  co-operation  of  Mr.  J.  H.  Coste.  It  gives  us 
much  pleasure  to  acknowledge  the  services  rendered  by  these  gentlemen. 

Finsbury  Technical  College. 


XVIII. — Action  of  Bromine  and   Chlorine  on  the  Salts  of  Tetrethyl- 

phosphoniwn. 

By  Orme  Masson,  M.A.,  D.Sc  (Edin.),  and  J.  B.  Kirkland. 
University  of  Melbourne. 

The  action  of  the  halogens  on  trimethylsulphine  salts  formed  the 
subject  of  a  paper  communicated  to  the  Society  by  Dobbin  and  one 
of  lis  (Trans.,  1885,  5t3j,  and  in  a  subsequent  commauication  the 
action  of  the  halogens  on  tetramethylammonium  salts  was  described 
by  the  same  authors  (Trans.,  1886,  846).  In  these  papers,  it  was 
shown  that  the  haloid  salts  of  these  bases  can  combine  directly  with 
iodine,  bromine,  chlorine,  or  iodine  monochloride,  to  form  compounds 
of  the  general  formula  RX3  (where  R  is  the  basic  radicle  and  X  is 
I,  Br,  or  CI)  ;  that  those  members  of  the  series  which  contain  not  less 
that  one  atom  of  iodine  in  the  molecule  are  fairly  stable  crystalline 
solids  of  a  characteristic  black,  red,  or  yellow  colour;  that  the  other 
members,  containing  only  bromine  or  chlorine,  or  both,  are  red  or 
yellow  liquids,  stable  only  in  an  atmosphere  of  the  halogen  from 
which  they  have  been  formed  ;  that  some  of  these  unstable  com- 
pounds have  a  sufficiently  definite  composition  (corresponding  to  the 
genei'al  formula  RX3)  as  proved   by  synthetic  experiments  ;    but  that 
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others  have  a  tendeucy  to  absorb  a  huge  excess  of  halogen  without 
very  great  alteration  of  properties,  ^particularly  where  bromine  is  the 
halogen  added.  It  was  also  shown  that  this  formation  of  perhalo'id 
compounds  is  an  action  of  wider  application  than,  at  first,  would  seem 
jH'obable  ;  for  not  only  may  the  nature  of  the  organic  basic  radicles 
be  varied  very  considerably,  but  qualitative  experiments  with  the 
sulphates  of  trimethylsulplimc  and  tetramethylammouiuiii  sliuwcd  that 
these,  as  well  as  the  haloid  salts,  can  combine  directly  with  bromine 
and  chlorine.  The  striking  I'esemblance  between  the  behaviour,  in 
this  respect,  of  the  sulphates  and  the  ciilorides  led  the  authors  to 
reject  that    view    of   the  constitution   of   the    perhalo'id    compounds 

X 

which  is   represented  by  the  formula  R'-X<]y;  ^^'^  the  option  was 

left  of  regarding  them  all  as  molecular  compounds  of  the  formula 
li''X,Xo,  or  of  regarding  the  centx'al  atom  of  the  basic  radicle  (S  or  N) 
as  capable  of  directly  attaching  to  itself  the  additional  halogen  atoms 
(R"'X3).  Quantitative  data,  however,  were  required  to  lully  prove 
the  similarity  of  the  action  of  the  sulphates  and  chlorides  or  bro- 
mides, it  was  thought  that  more  stable  compounds  might  be 
obtained  from  the  salts  of  a  phosphorus  base,  and  a  preliminary  experi- 
ment with  tetrethylphosphoniuui  iodide  sliowed  that  at  any  rate  this 
salt  is  capable  of  yieldiug  perhaluid  compounds  resembling  those 
already  studied.  The  investigation  was  then  interrupted,  and  has 
only  lately  been  resumed  by  the  present  authors.  Tetivthylphos- 
phonium  salts  have  been  used  on  account  of  the  greater  ease  with 
whicti  they  may  be  prepared  as  compared  with  the  methyl  compounds. 
The  iodide  was  prepaxvd  by  Hofmaun's  method  from  pho.sphonium 
iodide  and  absolute  alcohol,  and  was  proved  by  analysis  to  be  of  sutli- 
cieut  purity. 


P. 

C.        H. 

I. 

— 

34-79      7-39 

45-08 

11-31 

35 -U3 

7-29 

46-35 

In  any  future  experiments,  however,  we  should  prefer  the  method 
of  preparation  described  by  us  in  the  next  paper  (p.  138),  on  account 
of  its  greater  simplicity  and  economy. 


Action  of  Bromine  on  Tetrefh)jlphosp]wniiim  Iodide. 

When   bromine  is  added  to  this  salt,  combinaticm  occurs,  accm- 
panied    by    the  development    of    nmcli   heat,    the    whole    phenomena 


128  MASSON   AND   KIRKLAND  :   ACTION   OF   BROMINE   AND 

being  similar  to  those  observed  in  the  cases  of  the  iodides  of  trimethyl- 
snlphine  and  tetramethylammonium.  When  the  resulting  heavy  red 
liquid  is  freed  from  excess  of  bromine  by  evaporation  and  by  -vvashiag 
with  anhydrous  ether,  a  bright  red  solid  remains,  -svliich  dissolves  in 
warm  alcohol,  and  on  evaporation  may  be  obtained  in  orange-red 
crystals.  The  appearance  and  properties  of  these  leave  no  room  for 
doubting  that  they  are  tetrethylpliosphonium  dihromiodide, 

P(C,H5)JBr, ; 
this  was  confirmed  by  analysis. 

*I.  0-1809  gram  gave  0-1450   gram  CO^  and  0-0880  gram  H^O  ; 

or  003955  gram  C  and  0-00798  gram  H. 
II.  0-1970   gram    gave,     after   reduction    with    sulphurous    acid, 
02800    gram    of    the    mixed    silver    salts   AgBr    and   Agl 
Assuming  this  mixture  to  be  in  the  proportion  2AgBr  :  Agl, 
it  contains  0'07332  gram  Br  and  0-05820  gram  I. 

Found. 

Calculated  for  , * >, 

P(aH5)4lBr2.  I.  II. 

P   7-14  —  — 

C 22-12  21-86  — 

H 4-61  5-40  — 

I  29-26  —  29-54 

Br 36-87  —  3722 


100-00 


This  dihromiodide,  like  those  previously  described,  yields  a  black 
explosive  substance  when  treated  with  aqueous  ammonia ;  and  forms 
an  additive  compound  of  the  formula  P(CoH5)JBr2  +  2NH3,  when 
subjected  to  the  action  of  a  current  of  dry  ammonia.  This  com- 
pound is  black  in  colour.  When  left  exposed  to  the  air  it  loses 
ammonia,  and  leaves  the  dihromiodide  as  a  red  powder. 

0"1470  gram  of  the  dihromiodide  yielded  0-1582  gram  of  the  black 
ammonia  compound. 

*  This  dibromiodide,  the  corresponding  dichloriodide,  and  the  tribromide,  were 
found  to  present  unusual  difficulties  when  submitted  to  combustion — difficulties  not 
met  with  in  the  case  of  tetrethrlphosphonium  iodide  on  the  one  hand,  or  of  the 
perhalo'id  compounds  of  trimethjlsulphine  and  tetramethvlammonium  on  the  other. 
An  open  tube  was  employed  with  oxide  of  copper  and  chromate  of  lead,  with  silver 
at  the  exit  end.  The  combustions  had  to  be  conducted  with  extreme  slowness  to 
avoid  loss  of  phosphine-smeUing  volatile  matter  (which  spoilt  the  first  experiments), 
and  in  every  case  a  refractory  black  residue  remained  which  yielded  only  to  prolonged 
heating  in  the  oxygen  current.  This  may  account  for  the  high  percentages  of 
hydrogen  found,  though  all  the  usual  precautions  were  employed  for  drymg  tlie  gas. 
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Percentage 
increase  of  weight. 

Calculated  for  P(C,H5)4lBr,  +  2NH3. .  . .      7-26 

Found    7"47 

A  synthetic  experiment  was  made  in  order  to  ascertain  whether, 
by  bromination  of  the  iodide,  any  compound  could  be  obtained  con- 
taining more  bromine  than  the  dibromiodide.  0'3087  gram  of  the  dry 
iodide  was  exposed  for  three-quarters  of  an  hour  at  the  ordin<ary  tem- 
perature to  a  curi'ent  of  dry  air  laden  with  bromine  vapour.  The 
iodide  was  contained  in  a  porcelain  boat  placed  in  a  glass  tube,  and 
the  boat  and  tube,  together  with  the  glass  stopper,  were  tared  at  the 
commencement.  After  clearing  out  the  tube  with  a  rapid  current  of 
dry  air,  it  was  found  that  there  was  an  increase  of  weight  equivalent 
to  a  gain  of  3"4  atoms  of  Br  by  each  molecule  of  P(C2H5)4l.  The 
product  was  a  dark-red  liquid.  The  tube  was  now  placed  in  an  air- 
bath,  and  kept  at  110°  for  two  hours,  whilst  the  bromine  current  was 
kept  up,  and  the  increase  of  weight  was  again  ascertained,  and  found 
to  be  equivalent  to  a  gain  of  5"2  atoms  of  bromine  by  each  molecule 
of  P(C2H5)4l,  though  there  was  not  much  change  in  the  appearance 
of  the  liquid  product.  This  was  then  subjected  to  a  current  of  pure 
dry  air  at  the  ordinary  temperature,  and  weighed  from  time  to  time. 
It  was  soon  converted  into  a  bright-red  solid  substance,  and  this  con- 
tinued to  lose  bromine  slowly,  but  after  three  hours  still  retained 
what  was  equivalent  to  3"6  atoms  for  each  molecule  of  the  iodide. 


Bromine 
passed. 

Dry  air 
passed. 

Weight 
found. 

Increase 
per  cent. 

Atoms  of 
Br  per  mol. 

Nature 
of  product. 

f  hour,  cold  . 

— 

0-6172 

99-9 

3-4 

Liquid. 

2  hours   at! 
110°....  J 

— 

0-7827 

153  0 

5-2 

Liquid. 

— 

3  hours 

0-6320 

10-i  7 

3-6 

Solid. 

Weight  of  iodide  used,  0"3087  gram. 

There  is,  then,  a  marked  tendency  for  P(C2H5)4l  to  take  up  more 
than  Bra,  but  if  a  definite  higher  compound  exists,  it  is  of  an  unstable 
nature.  It  will  be  seen  that  the  behaviour  of  the  iodide  towards 
chlorine  favours,  by  analogy,  the  supposition  that  an  unstable  tetra- 
hromiodide,  P(C2H5J4lBr4,  may  exist. 

Actio7i  of  Chlorine  on  Tetrethylphosphoniurn  Iodide. 

The  absorption  of  chlorine  by  the  dry  salt  is  attended  by  develop- 
ment of  heat  and  the  formation  of  a  substance  which,  at  first  brown, 
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becomes  yellow  as  the  action  proceeds  ;  it  is  facilitated  by  keeping^ 
the  salt  at  a  temperature  of  about  70°,  in  which  case  a  red  liquid  is 
obtained  that  solidifies  to  a  darkish  yellow,  cr^'stalline  mass  on  cooling 
in  an  atmosphere  of  chlorine.  Its  composition  was  ascertained  by 
the  following  synthetic  experiment,  which  was  conducted  in  a  manner 
similar  to  that  already  described  : — 

Weight  of  iodide  taken l-Qll  gram. 

Chlorine  passed  at  70"" 1  hour. 

Weight  of  product  (solid) 1-520  gram. 

Percentage  increase  of  weight SO'S  per  cent. 

Percentage  increase  calculated  for  forma- 
tion of  P(C>H5)  JCI4 51-8  per  cent. 

This  tetrachloriodide  very  slowly  loses  chlorine  in  dry  air,  but 
decomposes  with  loss  of  chlorine  when  treated  with  water  or  alcohol. 

Its  alcoholic  solution,  on  evaporation,  yields  yellow  crystals  of  the 
(lichloriodide,  P(C3H3)4lClo,  a  substance  closely  resembling  the  dichlor- 
iodides  previously  described,  both  in  appearance  and  in  its  reactions 
wiih  ammonia,  &c.     On  analysis  it  gave  the  following  results  : — 

I.  0-1233  gi'am  gave  0-1255  gram  CO2  and  0-075  gram  HoO, 
equivalent  to  003423  gram  C  and  0-00833  gram  H. 
II.  0-1586  gram,  after  reduction  with  sulphuric  acid,  gave  0-23'i8 
gram  of  mixed  silver  salts.  On  the  assumption  that  this  con- 
tains iodide  and  chloride  in  the  proportions  of  Agl :  2AgCl, 
it  is  equivalent  to  0-0576  gram  T  and  0-0322  gram  CI. 

Found. 
Calculated  for  r — — * \ 


p 

P(C2H5)4lCl2. 

H-98 

I. 

27-75 
6-74 

II. 

c 

H  

I 

27-83 

5-80 

36-81 

36-32 

CI 

20-58 

20-30 

100-00 

Action  of  Bromine  on  TetrethylpTiosplwnium  Bromide. 

The  bromide  employed  was  made  from  the  iodide  by  shaking  its 
solution  with  recently  precipitated  silver  bromide.  An  estimation  of 
the  bromine  showed  it  to  be  of  sufficient  purity. 

Br  per  cent. 

Found 34-79 

Calculated  for      .      3524 
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A  synthetic  experiment  with  tliis  salt  showed  tlr.it  when  subjected  to 
the  action  of  bromine- vapour  at  llU'^  it  absorbs  it  to  form  a  dark-red 
liquid,  which  at  the  ordinary  temperature  is  converted  into  a  scarlet, 
crystalline  solid  having  the  composition  indicated  by  the  formula 
P(C2H5)4}ir7,  that  is,  the  bromide  is  converted  into  the  hi-ptabromide 
by  addition  of  six  atoms  of  bromine.  The  details  of  the  exi)erimeut 
are  given  in  the  following  table  : — 

Weight  of  bromide  taken    01472  gram. 

Bromine  current  at  IIU" 1  hour. 

Weight  of  product  (solid) 0'4.554  gram. 

Increase  of  weight 2094  per  cent. 

Increase  calculated  for  P(C..U3)iBr,13r6 .  211"4  per  cent. 

This  heptabromide,  like  the  higher  compounds  derived  from  the 
iodide,  is  not  stable  in  air  and  also  loses  part  of  its  bromine  when 
treated  with  absolute  alcohol.  The  alcoholic  solution  yields  red 
crystals  of  the  trihromide,  P(C2H5)iBr3.  This  compound  closely 
resembles  the  dibromiodide,  but  does  not  form  an  addition  product 
with  ammonia  and  is  dissolved  by  ammonia  solution.  No  solid 
tribromides  were  obtained  from  trimethylsulphine  or  tetrameth^lam- 
monium,  but  only  unstable  red  liquids.  The  difference  in  behaviour 
in  the  present  instance  may  be  wholly  attributable  to  the  presence 
of  ethyl  in  place  of  methyl  radicles,  rather  than  to  the  presence  of 
phosphorus  in  place  of  sulphur  or  nitrogen  ;  for  Marquardt  (/.  pr. 
Chem.  1,  429)  obtained  a  solid  tribromide  of  tetrethylamniouium. 
The  following  were  the  results  obtained  by  analysis:  — 

I.  0-2046  gram  gave  0-1860  gram   CO.  and  0-1022  gram   H,0, 
equivalent  to  0-05073  gram  C  and  0-01135  gram  H. 
II.  0-2645  gram  gave  0-2380  gram   CO-,  and  0-1362  gram  HaO, 
equivalent  to  0-06491  gram  C  and  0-01513  gram  H. 
111.  0-18u8  gram,  after  reduction  vfith  sulphuric  acid,  gave  02640 
gram  AgBr,  equivalent  to  011234  gram  Br. 

Found. 
Calculated  for 
P(C.H5)4Br,.  1.  II.  III. 

P 8-01 

C 24-80 

H 5-18 

Br 6201  —  —  62-14 

100-00 


r 
I. 

II.              ] 

24-79 

24-54 

5-54 

5-72 
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Action  of  Chlorine  on  Tetrethylphosphonium  Chloride. 

The  chloride  employed  was  prepared  by  shaking  a  solution  of  the 
iodide  with  recently  precipitated  silver  chloride,  and  was  thoroughly 
dried  by  heating  in  a  current  of  dry  air  at  110°.  The  salt  absorbs 
chlorine  and  turns  yellow  at  the  ordinary  temperature,  but  the  action 
goes  better  at  105 — 110°.  Under  these  conditions,  a  yellow  liquid  is 
obtained  which,  on  cooling,  solidifies  to  a  yellow,  crystalline  mass.  A 
ouantitative   experiment  showed    this  to    consist   of    the  trichloride, 

Weight  of  chloride  taken 0-1172  gram. 

Chlorine  passed  in  the  cold 2^  hours. 

Chlorine  passed  at  105 — 110° l-g       „ 

Weight  of  product  (solid) 0-1608  gram. 

Increase  of  weight 37-2  per  cent. 

Calculated  increase  for  P(C2H5)4C1-Cl2  38-9  per  cent. 

The  trichloride  is  a  yellow,  crystalline  substance  which  deliquesces  in 
the  air  and  is  decomposed  by  water  and  alcohol  with  reformation  of 
the  chloride.  Like  other  perhaloid  compounds  it  is  insoluble  in 
anhydrous  ether.  There  appears  to  be  no  tendency  to  form  a  higher 
addition  product  than  the  trichloride. 

Action  of  Bromine  on  Tetrethylphosphonium  Sulphate. 

The  sulphate  was  prepared  from  the  iodide  by  means  of  silver 
sulphate.  In  order  to  thoroughly  dry  the  salt  obtained  by  evapora- 
tion of  the  solution,  it  was  found  necessary  to  heat  it  for  some  hours 
at  a  temperature  ranging  from  100"^  to  170°  in  a  Sprengel  vacuum. 
It  was  then  submitted  to  the  action  of  bromine  vapour  in  the  same 
manner  as  the  bromide,  the  increase  of  weight  being  observed  first 
after  bromination  at  110°,  and  subsequently  after  further  bromination 
at  the  ordinary  temperature.  It  was  found  that  the  sulphate  has  the 
power  of  taking  up  a  large  quantity  of  bromine,  but  that  the  amount 
absorbed  and  the  character  of  the  product  vary  considerably  accord- 
ing to  the  temperature.  The  product  formed  at  110°  is,  when  cold, 
a  red  solid ;  and  the  increase  of  weight  in  this  case  coj-responds  to 
the  formation  of  [P(C2H6)4]2S04,Bri2;  and  this,  it  may  be  remarked, 
is  analogous  to  the  highest  brominated  derivative  of  the  bromide, 
P(C2H5)4Br,Br6,  which  it  closely  resembles  in  its  general  properties — 
appearance,  instability  in  air,  decomposition  by  alcohol,  &c.  The 
product  formed  at  the  ordinary  temperature  differs  from  this,  being  a 
dark  red  liquid  and  containing  a  still  larger  amount  of  bromine.  In 
the  two  experiments  made,  details  of  which  are  given  below,  the 
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increase  of  weight  at  the  ordinary  temperature  corresponded  closely 
with  that  required  for  the  formation  of  [P(C2H6)4]2S04,Br.«  ;  but  it  is 
doubtful  whether  this  really  marks  the  formation  of  a  distinct  com- 
pound or  the  extreme  limit  of  bromine  al)Sorj)tion.  When  this  highly 
brominated  liquid  is  left  in  a  desiccator  over  solid  potash,  or  when  it 
is  treated  with  a  current  of  dry  air,  it  quickly  loses  bromine  and 
assumes  the  solid  state  ;  but  the  decomposition  does  not  stop  here, 
and  we  have  not  succeeded  in  obtaining  any  brominated  sulphate  of 
stability  equal  to  that  of  the  tribromide  or  the  dibroniiodide. 

Experiment.                                             I.  II. 

Weight  of  sulphate  used,  in  grams     . .        0-2678  0-2192 

Bromine  passed  at  110°   1  hour  1  hour 

Weight  of  product  (solid) 0-9206  0-7552 

Pei'centage  gain  of  weight 243'8  244-5 

Bromine  subsequently  passed  in  cold .  .         2  hours  1  hour 

Weight  of  product  (liquid) 1-4848  1-2207 

Percentage  gain  of  weight 454-4  456-9 

Percentage  gain  calculated  for  [P(C2H5)4]3S04,Bi"22  451-3 

Percentage  gain  calculated  for  [P(C2H5)4]2S04,Bri2  246-2 

The  solid  brominated  sulphate  dissolves  in  alcohol  and  red  crystals 
are  formed  in  quantity  when  the  solution  is  partly  evaporated ;  but  a 
study  of  these  and  estimations  of  the  bromine  proved  them  to  consiht 
of  tetrethylphosphonium  tribromide.  It  was  proved  that  the  crystals 
contained  no  sulphuric  acid,  but  the  mother-liquor  was  found  to  be 
strongly  acid.  The  alcohol,  therefore,  produces  decomposition,  and  it 
is  interesting  to  note  that  the  phosphorus  radicle  retains  the  bromine 
in  preference  to  the  sulphuric  acid  group. 

I.  0-1196  gram,  after  reduction  with  sulphurous  acid,  gave  0-176 
gram  AgBr,  equivalent  to  0-07489  gram  Br. 
II.  0-0492  gram  gave    0-072   gram  AgBr,  equivalent   to    0-03064 
gram  Br. 

Found. 

Calculated  for  ( * ,^ 

for  P(C,H5)4Br3.  I.  IL 

Br  per  cent 6201  6262         62-27 

Action  of  Chlorine  on  TetretJiylpho.sjjhonium  Sulphate. 

The  thoroughly  dried  sulphate  combines  with  chlorine,  but  less 
readily  and  (as  in  other  cases)  to  a  less  extent  than  with  bromine. 
The  salt  turns  yellow,  and,  if  the  temperature  be  raised  to  130°  while 
the  chlorine  is  passing,  fuses  to  a  yellow  liquid,  which  solidifies  on 
cooling  in  the  chlorine  atmosphere,     in  the  two  experiments  made,  it 
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wiis  found  that  tbe  increase  of  weiiilit  corresponded  to  tlie  formation 
of  the  compound  [P(C2H5)4]2S04,Cl4 ;  and  this,  it  may  he  noted,  is 
analogous  to  the  formation  oP  the  clilorinated  chloride  P(C2H5)4Cl,Cl2, 
already  descinbed.  The  sulphate,  therefore,  appears  to  resemble  the 
hromide  in  its  action  towards  bromine  and  the  chloride  in  its  action 
towards  chlorine,  both  as  to  the  composition  and  as  to  the  appearance 
and  properties  of  the  products  formed.  This  is  in  accordance  with 
the  previously  recorded  qualitative  observations  on  the  sulphates  of 
trimethylsulphine  and  tetramethylammonium. 

Experiment.  I.  II. 

Weight  of  sulphate  used,  in  grams 0-21 72         0-2018 

Chlorine  passed  at  130° H  hours      ]^  hours 

Weight  of  product 0-2964         0-2790 

Percentage  gain  of  weight 36-4  38*2 

Percentage-gain  calculated  for  [P(C2H5)4]2S04,Cl4  364 

This  chlorinated  sulphate  dissolves  in  water  with  effervescence,  due 
to  escape  of  chlorine,  deliquesces  when  exposed  to  the  atmosphere,  and 
slowly  evolves  chlorine  when  subjected  to  a  current  of  dry  air. 

The  following  table  contains  a  list  of  the  polyhaloi'd-derivatives 
described  in  this  paper,  together  with  a  summary  of  the  methods  of 
forming  them  and  of  their  properties.  In  some  cases  the  formulae 
given  are  doubtfully  indicative  of  definite  compounds. 


No. 

Compound  formed. 

Method  of  forma- 
tion. 

Temp,  of 
forma- 
tion. 

Characters  of  the 
compound. 

1.. 

2.. 

3.. 

4.. 

5.. 

6  . 
7.. 

8.. 

9.. 

10.. 

P(C,H3)4lBr4  (?) 

.V{C.,B,),lBr,    

P(C2H5)4lCl4 

P(C,H5)4lCl2 

P(CoH-)4Br 

Bromine  on  iodide . 

Alcohol  on  1 

Chlorine  on  iodide  . 

Alcohol  on  3 

Bromine  on  bromide 

Alcohol  on  5  or  9. . 
Chlorine  on  chloride 

Bromine     on     sul- 
phate 

Bromine     on     sul- 
phate 

Chlorine     on     sul- 
phate 

cold 

70° 

110° 

110° 
cold 
110° 
130 

Briglit     red     crrst. 

soUd,  unstable  in 

air. 
Orange         crystals : 

stable. 
Dark    yellow   cryst. 

mass :  unstable. 
Yellow          crystals, 

stable. 
Scarlet  crvst.  mass: 

PfC.2H5)4Br3 

PfCH-^jCU 

unstable. 
Red  crystals :  stable. 
Yellow  crrst.  mass: 

rP(C2H5)4]2S04Br2.,  (?)  . 
rP(C2H5)4].2S04Br,2    . . . 

[P(C2H,)4].2S04Cl4      .... 

unstable. 

Red     liquid :      un- 
stable. 

Red  solid:  unstable. 

Yellow   solid :     un- 
stable. 

i:}5 


XIX.  —rrejjaratioti    of  the    Salts   of   Trielhylsulpliine,    TetrethijlpJios- 
'phonium,  and  Analogous  Banes. 

By  Orme  Masson,  M.A.,  D.Sc.  (Ed In.),  and  J.  B.  KiRKLAND. 
University  of  ^Melbourne. 

The  prpparatinn  of  such  a  salt  as  trietliylsulpliine  iodide  in  any 
quantity  by  the  ordinary  method,  though  easy  in  theory,  is  prncticiiHy 
a  most  disagreeable  operation,  since  it  necessarily  involves  tlie  makiug 
and  manipulating  a  large  amount  of  ethyl  sulphide,  or  some  equally 
objectionable  substance.  The  preparation  of  analogous  sclenine  salts 
by  the  ordinary  method  is  open  to  a  similar  objection,  which  is,  more- 
over, of  greater  weight  on  account  of  the  still  more  noxious  character 
of  volatile  selenium  compounds ;  and  there  is,  also,  an  additional 
disadvantage,  in  that  a  loss  of  the  somewhat  costly  selenium  in  the 
preliminary  operations  is  unavoidiible.  It  is  obvious  that  any  method 
by  which  sulphur  (or  selenium)  may  be  converted  directly  into  sul- 
phine  (or  seleniue)  salts,  affording  a  good  yield  and  avoiding  the 
manipulation  of  noxious  volatile  substances,  should  be  of  value  to 
chemists  engaged  in  the  study  of  such  compounds. 

Klinger,  12  years  ago,  mentioned  the  fact  (P>er.,  10,  1880)  that 
trimethylsulphine  iodide  could  be  obtained  by  heating  sulphur  in 
sealed  tubes  with  meth}'!  iodide  and  extracting  tlie  product  w^th 
water.  He  did  not,  however,  enter  into  details  of  the  process,  which 
has,  so  far  as  we  are  aware,  not  been  made  use  of  since  then ;  nor  was 
the  method  adopted  by  him  sufficiently  practical  to  replace  that  of 
von  Oelfele.  We  have  found  that  the  following  method  gives  good 
results.     It  may  be  divided  into  three  stages  : — - 

(1.)  Powdered  roll  sulphur  is  heated  with  ethyl  iodide  in  scaled 
tubes  at  180°  for  about  24  hours,  the  two  substances  being  taken  in 
the  proportion  of  S  :  0C2H5I,  with  a  slight  excess  of  the  latter.  Soft 
glass  tubing  may  be  employed,  as  there  is  only  a  little  pressure  when 
the  tubes  are  opened  (due  to  the  formation  of  a  combustible  gas  by  a 
secondary  reaction)  :  we  have  adopted  no  special  precautions  to 
avoid  the  bursting  of  the  tubes,  and  have  not  lost  any.  The  sulphur 
entirely  disappears,  and  the  tubes,  when  cold,  are  seen  to  contain  a 
large  amount  of  a  black  tarry  liquid,  at  once  recognisable  as  a  polv- 
iodide  by  any  one  acquainted  with  such  compounds.  The  reajtion,  in 
fact,  may  be  correctly  represented  by  the  equation — 

S  +  3C,HaI  =  S(C,H5):J3. 
(2.)  Klinger's  method  of  extracting  this  substance  with  water  could 
certainly  not  be  worked  satisfactorily,  for  such  polyiodides  are  only 
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decomposed  with  difficulty  by  water,  even  on  prolonged  boiling.  It 
is  best  to  proceed  as  follows : — The  contents  of  the  tubes  are  washed 
into  a  tall  glass  cylinder,  covered  with  water  to  a  depth  of  some 
inches,  and  a  current  of  hydrogen  sulphide  is  then  passed  in  through 
a  tube  which  dips  under  the  liquid  polyiodide :  by  this  means  the 
latter  is  decomposed  in  the  course  of  an  hour  or  two.  The  action 
resembles  that  which  occurs  when  hydrogen  sulphide  is  led  under  the 
surface  of  bromine  covered  with  water,  except  that  no  sulphuric  acid 
is  formed,  as  always  happens  in  the  latter  case.  When  the  pulyiodide 
has  disappeared,  the  vessel  contains  a  clear  acid  solution  of  triethyl- 
sulphine  iodide  and  hydrogen  iodide,  and  a  flocculent  deposit  of 
sulphur.     The  reaction  is  represented  by  the  equation — 

S(C,H03l3  +  Ho.S  =  S(C,H5):,1  +  2HI  +  S. 

(3.)  The  solution  decanted  from  the  sulphur  precipitate  cannot  be 
advantageously  evaporated  for  the  recovery  of  the  sulphine  salt,  as 
this  is  attacked  by  the  hydrogen  iodide  present.  It  is,  therefore, 
mixed  with  excess  of  moist  silver  hydroxide,  by  which  means  a  pure 
solution  of  triethylsulphine  hydroxide  is  obtained  ;  and  this  may  then 
be  converted  into  any  desired  salt  by  exactly  neutralising  it  with  the 
appropriate  acid. 

In  our  first  experiment  we  thought  to  simplify  matters  and  save 
silver  by  adding  the  silver  hydroxide  gradually  to  the  acid  solution 
until  its  reaction  was  neutral,  so  as  to  obtain  the  sulphine  iodide  at 
once  by  filtering  and  evaporating.  It  was  found,  however,  that  only 
a  small  quantity  of  the  salt  could  be  recovered  in  this  way.  As  the 
silver  iodide  precipitate  had  been  washed  with  boiling  water  until 
the  washings  were  practically  free  from  soluble  iodide,  the  missing 
salt  had  to  be  looked  for  in  the  insoluble  residue  on  the  filter. 
Experiment  showed  that  this,  when  treated  with  more  moist  silver 
hvdroxide,  yielded  a  quantity  of  the  soluble  alkaline  sulphine 
hydroxide  ;  so  that  it  is  evident  that  silver  iodide  and  the  sulphine 
iodide  unite  to  form  an  insoluble  double  salt.  This  was  further 
proved  by  mixing  fresh  moist  silver  iodide  with  a  little  solution  of 
the  sulphine  iodide ;  the  solution  after  a  short  time  was  found  to  give 
the  iodine  reaction  only  faintly.  The  silver  iodide  simultaneously 
chan<yed  in  colour  from  yellow  to  white.  The  fact  that  the  precipitate 
first  formed  when  silver  nitrate  is  added  to  a  solution  of  an  iodide  is 
white,  and  become  yellow  only  as  the  reagent  is  added  in  excess,  is 
pn)bably  attributable  to  the  same  cause. 

If  the  sulphine  hydroxide  solution  is  converted  into  the  iodide  by 
neutralisation  with  hydriodic  acid,  and  this  solution  is  evaporated  to 
dryness,  a  yield  is  obtained  which  falls  only  a  very  little  short  of  that 
calculated  from   the  weight  of  sulphur  employed,  according  to   the 
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equations  we  have  given.  In  one  such  experiini-nt  we  obtained  more 
than  live-sixths  of  the  theoretical  yiehl.  The  following  are  the 
details  of  the  experiment. 

3"2  grams  of  powdered  roll  sulphur  and  48  grams  of  ethyl  iodide 
■were  heated  in  a  sealed  tube  for  22  hours  at  180 — 185^.  Some  com- 
bustible gas  escaped  when  the  tube  was  opened.  The  tarry  poly  iodide 
was  washed  out  with  water,  and  treated  with  a  current  of  hydrogen 
sulphide  for  four  hours  in  the  manner  described  above.  The  solution 
was  decanted  from  the  precipitated  sulphur;  the  latter  was  washed, 
and  the  washings  added  to  the  solution,  which  was  then  made  up  to 
a  definite  volume.  The  sulphur,  after  drying,  weighed  3"5  grams. 
One-fourth  of  the  solution  was  then  treated  with  excess  of  moist 
silver  hydroxide  (from  a  weighed  quantity  of  silver  nitrate)  in  the 
cold,  until  a  drop  of  it  give  no  iodine  reaction  ;  the  mixture  was  then 
filtered,  the  silver  iodide  washed  thoroughly  with  hot  water,  the 
washings  being  added  to  the  filtrate.  The  filtrate  and  w^ashings  were 
then  made  up  to  a  definite  volume,  and  a  small  portion  of  it  was 
titrated  with  standard  hydrochloric  acid.  By  this  means  it  was  found 
that,  supposing  the  Avhole  solution  to  have  been  treated  with  silver 
hydroxide,  the  salphine  hydroxide  produced  would  have  required 
94  c.c.  of  normal  hydrochloric  acid  for  neutralisation,  or  would  have 
weighed  12'8  grams.  This  result  was  checked  by  neutralising  the 
remainder  of  the  solution  with  hydriodic  acid,  evaporating  to  dryness, 
and  weighing  the  sulphine  iodide  obtained.  The  wei'^ht  was  found 
to  be  5'5G  grams,  which  was  equivalent  to  22'68  grams,  if  the  whole 
of  the  oj'iginal  solution  had  been  treated  in  like  manner.  Finally, 
the  iodide  was  recrystallised  from  alcohol  (the  equivalent  of  a  total 
yield  of  20  grams  of  pure  salt  was  obtained),  and  its  identity  was 
established  by  an  iodine  estimation,  although  its  properties  left  no 
doubt  as  to  its  true  nature  :^ 

Calculated  for  S(C.^H5)3l    61 '62  per  cent,  of  I. 

Found 51-60 

The  details  of  the  experiment  may  be   tabulated  side  by  side  with 
the  figures  calculated  from  the  equations  given  above. 


Experi- 
ment. 


Theory. 


S  taken  (and  used  up) 

C.2H5I  taken 

S  precipitated  by  the  H^S  action 

Normal  HCl  required  by  the  whole  of  the  S(C2H5)3-OH 

after  AgoO  action 

S(CjE[5)3UH  calculated  from  above. 

S^CoHjjgl  obtained  (crude) 

VOL.  LV. 


grams. 

3-2 
48-0 

3-5 

94  c.c. 

12-8 

22-7 


grams. 

3-2 

46-8 

3-2 

100  c.c. 
13-6 

24-6 
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We  have  also  ascertained  by  experiment  that  triethylseleniiie  salts 
may  be  prepared  by  this  method  if  selenium  is  used  in  place  of 
snlphiTr.  We  have  not  made  quantitative  experiments,  however,  and 
so  cannot  state  the  yield  obtainable. 

The  preparation  of  tetrethylphosphonium  salts  and  their  homo- 
logues  is  notoriously  a  troublesome  matter,  in  spite  of  the  classical 
researches  of  Hofmann,  Cahours,  and  others.  That  this  is  so  wa.s 
shown  in  1880  by  Letts  (Trans.  Boy.  Soc.  Edin..  30,  185),  vrho  discussed 
at  leno-th  the  various  processes  then  known,  and  rejected  them  all  as 
uncertain,  troublesome,  and  expensive.  The  well-known  method  of 
Hofmann,  which  consists  in  heatintr  phosphonium  iodide  with  absolute 
alcohol  in  sealed  tubes  at  180°,  and  acting  on  the  resulting  mixture  of 
iodides  with  potash,  so  as  to  precipitate  the  tetrethylphosphonium 
iodide,  &c.,  is  generally  considered  the  best  process  ;  but  this  was 
rejected  by  Letts;  because  he  found  it  impossible  to  avoid  the  loss,  by 
explosion,  of  the  great  majority  of  his  tubes.  We  have  not  found 
this  to  be  the  case  when  the  precautions  mentioned  by  Hofmann  are 
carefully  attended  to ;  but  still  we  agree  with  Letts  that  the  process 
is,  at  best,  a  very  troublesome  one ;  and  it  may  be  added  that  the 
preliminary  preparation  and  pi-eservation  of  large  quantities  of  phos- 
phonium iodide,  PH4I,  constitute  an  undesirable  factor.  The  method 
which  we  have  adopted  avoids  all  the.se  disadvantages  by  making  use 
of  phosphorus  itself  and  ethyl  iodide  as  the  raw  materials,  which  are 
converted  directly  into  a  tetrethylphosphonium-derivative  without 
risk  of  loss  by  explosions. 

The  practical  details  of  the  method  are  similar  to  those  already 
described  for  the  preparation  of  sulphine  salts.  Either  ordinary 
phosphorus  or  red  phosphorus  may  be  used.  Ethyl  iodide  is  taken 
in  excess  of  the  proportion  indicated  by  the  formula  7C2H5I  -|-  2P  ; 
we  have  found  no  harm  result  fi'om  using  as  much  as  6C2H5I :  P;  the 
mixture  is  heated  in  sealed  tubes  at  180°  for  about  2-i  hours.  When 
cold,  the  tubes  are  seen  to  contain  a  black  tarry  liquid  or  a  semi-solid 
black  crystalline  mass  of  polyiodide,  but  no  phosphorus.  Combus- 
tible gas  escapes  on  opening  the  tubes,  but  there  is  never  enough 
pressure  developed  to  cause  explosions.  The  greater  part  of  the 
excess  of  ethyl  iodide  may  be  recovered  by  distillation  on  a  water- 
bath.  The  contents  of  the  tubes  are  then  reduced  with  hydrogen 
sulphide  under  water  ;  and  the  clear  acid  solution,  decanted  from  the 
precipitated  sulphur,  is  treated  with  moist  silver  hydroxide  in  excess, 
so  as  to  give  a  solution  of  the  tetrethylphosphonium  hydroxide.  An 
alternative  method  of  procedure  in  this  case,  however,  may  be  em- 
ployed with  advantage  ;  after  the  reduction  with,  hydrogen  sulphide, 
the  excess  of  that  gas  is  got  rid  of  by  a  current  of  carbon  dioxide, 
and  the  solution   (containing  the    tetrethylphosphonium  iodide    and 


TnE    SALTS    OF   TRIF.TlfYT>SI^LP]TTXE,    ETC.  1.39 

hjdrioilic  acid)  is  saturated  with  potash  and  warmed.  The  result, 
as  in  Hof  mann's  method,  is  the  separation  of  the  phosphonium  iodide, 
which  floats  as  an  oily  hiyer  on  the  potash;  and  it  maybe  readily 
purified  by  crystallisation  from  alcohol.  This  method  is  indeed  pre- 
ferable to  the  other,  as  it  does  not  involve  the  use  of  silver.  It  may 
also  be  stated  that  this  potash  method  has  been  successfully  applied 
to  the  preparation  of  triethylsulphine  iodi  le ;  but  it  is  doubtful 
whether  in  this  case  the  yield  obtained  is  as  good  as  by  the  silver 
hydroxide  process. 

It  is  evident  that  the  equation  for  the  action  of  phosphorus  on 
ethyl  iodide  cannot  be  so  simple  as  that  wdiich  we  have  shown  to  be 
true  in  the  case  of  sulphur,  for  there  is  no  polyiodide  possible  of  the 
formula  P(CoHs)4T4.  It  was  thought  that  a  mixture  of  the  two  poly- 
iodides,  P(C2H5)4l3  and  P(CoH6)il5,  might  be  produced,  in  whicli  case 
the  whole  of  the  phosphorus  would  be  eventually  recoverable  in  the 
form  of  tetrethylphosphonium  iodide.  But  experiments  have  proved 
that  only  half  of  this  quantity  can  be  actually  obtained,  wliile  the 
other  half  of  the  phosphorus  assumes  a  form  which  is  converted 
during  the  treatment  with  hydrogen  sulphide  and  water  into  tviethyl- 
phosphine  oxide.  As  this  is  a  neutral  substance,  extremely  soluble 
in  water,  and  volatile  in  the  steam  produced  by  the  evaporation  of 
the  solution,  its  formation  is  at  first  liable  to  be  overlooked.  Any 
theory  of  the  reaction  then,  to  be  tenable,  must,  among  other  condi- 
tions, be  sufh  as  to  account  for  the  conversion  of  one  half  of  the 
phosphorus  into  a  polyiodide  of  tetrethylphosphonium,  and  the  other 
half  into  some  substance  of  similar  appearance,  but  convertible  by 
water  or  hydrogen  sulphide  (or  both  acting  together)  into  triethyl- 
phosphine  oxide.  These  conditions  are  fulfilled  by  the  following 
theory;  and  it  will  be  further  shown  that  most  of  the  observed 
details  of  a  quantitative  experiment  distinctly  favour  it,  whilst  they 
are  not  capable  of  equally  satisfactory  explanation  in  any  other  way. 
(1.)  The  tarry  product  in  tlie  sealed  tube  consists  of  a  mixture  of  the 
polyiodides  of  tetrethylphosphonium  and  triethylphosphine,  produced 
according  the  equation — 

2P  +  7C,HJ  =  P(C,H,)  J3  +  P(C,H,)3l4. 

(2.)  "When  this  mixture  is  treated  with  water  and  hydrogen 
sulphide,  the  following  changes  occur  simultaneously: — 

PCCHOJ,  +  H,S  =r  P(C..H.).I  +  2HI  +  S, 
P(C,H5)J4  +  H,S  +  H,0  =  P(C,H5).0  +  4HI  +  S. 

A  solution  is  thus  obtained  containing  liydrogen  iodide,  tetrethvl- 
phosphoniura  iodide,  and  triethylphosphine  oxide ;  whilst  sulphur  is 
precipitated. 

L  2 
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The  following  are  the  details  of  the  experiment  which  suggested 
this  theory : — 

o'l  grams  of  phosphorus  (in  this  case  ordinary  phosphorus  was 
used ;  but  it  was  afterwards  found  that  red  phosphorus  would  also 
answer)  and  93"6  grams  of  ethyl  iodide  (equal  to  one-tenth  of  the 
weiglit  in  grams  indicated  by  the  formula  P  +  GC3H5I)  were  heated 
for  22  hours  at  180 — 185°  in  a  sealed  tube.  All  the  phosphorus  dis- 
appeared, and  30  grams  of  ethyl  iodide  was  recovered  by  distillation 
of  the  contents  of  the  tube.  The  black  tarry  product  was  completely 
decomposed  in  two  hours  by  the  hydrogen  sulphide  treatment,  giving 
^■■i  grams  of  sulphur.  One  small  portion  of  the  solution  (which  was 
made  up  to  a  known  volume)  was  titrated  with  standard  alkali,  and 
the  total  quantity  of  hydrogen  iodide  in  solution  was  calculated  from 
the  result,  and  was  found  to  be  33'6  grams.  Another  small  portion 
was  used  for  an  estimation  of  the  total  iodine ;  and  this,  calculated 
for  the  whole  quantity,  was  found  to  be  41 '0  grams.  The  rest  of  the 
solution  was  treated  with  excess  of  moist  silver  hydroxide ;  and  a 
portiim  of  the  filtrate  and  washings  (made  up  to  a  known  volume) 
was  titrated  with  standard  acid,  and  the  total  available  hydroxide 
calculated  from  the  result,  and  found  to  be  8'2  grams.  The  whole  of 
the  remaindei'  of  this  alkaline  solution  was  then  neutralised  with 
hydriodic  acid,  and  evaporated  on  the  water-bath ;  and  the  salt  thus 
obtained  was  dried  and  weighed.  From  this,  the  total  available  iodide 
was  calculated  (allowance  being  made  for  those  portions  of  the 
solution  used  for  titration),  and  was  found  to  amount  to  13'45  grams. 
Finally  this  salt,  which  possessed  all  the  properties  of  tetrethyl- 
phosphonium  iodide,  was  crystallised  from  alcohol ;  and  iodine 
estimations  were  made  with  crystals  of  two  distinct  crops  for  the 
purpose  of  complete  identification  : — 

Found. 

Calculated  for  , * ^ 

P(C,H5)J.  I.  11. 

Iodine,  per  cent 46-35  45-98         45-90 

The  triethylphosphine  oxide  was  not  saved  or  estimated  in  this 
experiment,  as,  indeed,  its  formation  was  not  suspected  until  the 
results  were  calculated  ;  but  in  a  subsequent  experiment  the  solution 
from  the  hydrogen  sulphide  action  was  distilled  in  such  a  manner  as 
to  permit  of  the  oxide  being  collected  and  identified.  The  details 
of  the  above  experiment  are  tabulated  for  the  sake  of  comparison 
with  the  figures  calculated  from  the  theory  which  we  have  enunci- 
ated. 
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P  taken,  and  used  up  in  the  reaction    

aifsl  taken 

C0IT5I  recovered  by  distillation 

C.II5I  used  up  (or  lost) 

S  precipitated  by  tlie  H^S  action 

Normal  NaOH  required  for  free  HI 

Total  free  HI  deduced  from  above 

Total  iodine,  as  II I  and  P(C.JI,)4T 

Normal  HCl  required  by  the  PiCoH.OvOH 

Total  P(C.2H5)4-OH  formed,  deduced  from  above 

Total  P(C2H.,)4l  produced  (crude)    

P  not  thus  accounted  for  [lost  as  P(C.2Ua)30]    . 


Experi- 
uient. 

Theorv. 

grams. 
31 

grams. 
31 

93- 6 

— 

30  0 

— 

(;3  f) 

54 -n 

3-4 

3-2 

2f)2-5c.c. 

300  c.c. 

33-6 

38-4 

41  0 

41-4 

50  e.c. 

50  c.c. 

8-2 

8-2 

13-45 

13-7 

1-oH 

1-55 

This  is  not  the  first  time  that  tlie  action  of  phosphorus  on  ethyl 
iodide  has  been  investigated,  and  a  theory  of  the  action  advanced, 
although  it  is  the  first  time,  so  far  as  we  are  aware,  that  it  has  been 
made  use  of  for  pieparing  the  salts  of  tetrethylphosphonium.  Carius 
(Annnleri,  137,  117)  adopted  the  reaction  as  a  means  of  preparing 
triethylphosphine  oxide,  and  his  method  was  further  worked  out 
by  Crafts  and  Silva  (this  Journal,  1871,  24,  629).  Their  procedure 
differed  essentially  from  that  described  by  us  in  the  following 
particulars :  The  phosphoi-us  and  ethyl  iodide  were  mixed  in  a  very 
different  proportion,  viz.,  2P  :  5C2H5I.  The  pliosphorus  was  not  all 
consumed,  some  remaining  in  the  amorphous  form  even  after  heating 
for  24  hours  at  175—180°. 

The  iodine-coloured  product  was  ground  up  with  the  residual 
phosphorus,  and  the  whole  distilled  with  alcohol  till  colourless. 
Ethyl  iodide  was  produced  in  this  reaction.  The  residue  from  tlio 
solution  was  found  to  contain  phosphorous  acid.  The  whole  was  then 
distilled  in  a  copper  retort  with  solid  potash  ;  when  ethane,  triethyl- 
phosphine, phosphine,  and  a  large  amount  of  triethylphosphine  oxide 
were  obtained.  Carius  proposed  the  following  equations  to  represent 
(1)  the  action  which  occurs  in  the  sealed  tubes,  (2)  that  which 
occni-s  when  the  product  is  treated  with  alcohol :  — 

(1.)  2P  +  4C3HJ  =  P(C,U,),l  +  PI3. 

,2  >,    rP(C,H3)4l  +  C^floO  =  P(C.,H5),0  +  C,HJ  +  C,Ho 
^    '    LPI3  +  SCHeO  =  P(0H)3  +  SC.HsI. 

Crafts  and  Silva  rightly  rejected  these  equations,  but  they  retained 
the  hj'pothesis  of  the  formation  of  phosphorus  triiodide.  They 
proposed  the  following  : — 


142  PREPARATION   OF    SALTS   OF    TRIETHYLSULPHIXE. 


(1.) 


■2P  +  4C,HJ  =  P(C,H5)J  +  PI3, 

PI,    +    3C2H5I    =    P(C2H,,)3l2    +    41, 

PI3  +  3P(C,Ha)4l  +  21  =  4P(C3H5)3T2, 
.P(C2H5)3L.  +  C0H5I  =  P(CoH5)J  4-  21. 

(2.)  F(CM,),h  +  2C,HsO  =  F(CJI,),0  +  2C,H5r  +  H,0. 

f  P(aH5)3l2  +  2K0H  =  P(C2H5)30  +  2KI  4-  H,.0, 
^^    lP(C.H5)J  4-  KOH  =  P(C.H5)30  +  KI  4-  C^H^. 

As  these  equations  have  found  theii'  way  into  many  text-books,  and 
as  we  are  convinced  by  our  own  experiments  that  they  are  erroneous, 
we  venture  to  reproduce  them  here  for  the  purpose  of  criticising 
thera.  Tlie  fii'st  four  equations  have  never  been  supported  by  any 
experimental  facts.  The  formation  of  phosphorus  triiodide  in 
particular  is  an  assumption  which  the  facts  do  not  justify.  The 
obvious  poly  iodide  character  of  the  product  found  in  the  reaction  is 
entirely  overlooked.  The  decolorisation  by  the  subsequent  distillation 
with  alcohol  was  certainly  due  to  the  presence  of  the  uncombined  red 
phosphorus,  as  was  the  production  of  ethyl  iodide  and  phosphorous 
acid  ;  for  polyiodides  would  act  towards  phosphorus  and  alcohol  in 
the  same  manner  as  free  iodine  does ;  but  no  account  is  taken  of  this 
in  the  equations  given.  Had  Crafts  and  Silva  used  a  larger  propor- 
tion of  ethyl  iodide,  they  would  have  got  no  residue  of  phosphorus ; 
and  the  distillation  with  alcohol  would  have  been  ineffective.  We  feel 
convinced,  moreover,  that  they  would  not  have  proposed  the  first  set 
of  equations,  had  they  been  sufficiently  acquainted  with  the  appearance 
of  organic  polyiodides  to  recognise  the  real  nature  of  the  contents  of 
the  tubes.  Our  experiments  with  both  sulphur  and  phosphorus  show 
that  there  is  no  reason  for  i-epresenting  their  i-eactions  with  ethyl 
iodide  by  more  complicated  equations  than  those  we  have  given, 
viz.  : — 

S  4-  .SCoHjI  =  SrC.,H3)3T3,  and 

2P  4-  TC^HJ  =  P(C.H5)J3  +  P(C,H5)3l4. 
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GONVILLE  AND  CAIUS  COLLEGE,  CAMBIIIUGE. 

No.  XIII.   On  a  Cuhical  Form  of  Bismuthoiis  Oxide. 

By  il.  M.  Pattisov  Muir,  M.A.,  Fellow  of  Cains  College,  and  Arthur 
Hutchinson,  B.A.,  Scholar  of  Christ's  College,  Cambridge. 

1.  When  2|^  to  3  parts  of  potassium  cyanide  in  concentrated  aqueous 
solution  are  added  to  1  part  of  bismuth  nitrate  dissolved  in  the 
smallest  possible  quantity  of  cold  dilute  nitric  acid,  a  white  precipi- 
tate of  hydrated  bismiithous  oxide  is  obtaitied.  About  nine-tenths 
of  the  bismuth  present  as  nitrate  at  the  beginning  of  the  reaction  is 
precipitated  as  hydrated  oxide ;  the  addition  of  a  very  large  excess  of 
potassium  cyanide  fails  to  precipitate  all  the  bismuth.  If  this  pre- 
cipitate is  thoroughly  washed,  and  then  boiled  with  concentrated 
potassium  cyanide  solution,  it  remains  unchanged. 

2.  When  2^  to  3  parts  of  potassium  cyanide  are  added  to  a  hot 
solution  of  1  part  of  bismuth  nitrate  in  the  minimum  quantity  of  nitric 
acid,  a  brownish-red  precipitate  is  obtained  ;  and  in  this  case  also 
about  nine-tenths  of  the  total  bismuth  is  precipitated.  The  composi- 
tion of  this  precipitate  is  represented  by  Baedeker  to  be  Bi205,2HoO 
{Annalen,  123,  61)  ;  one  of  the  present  authors  has  described  the  pre- 
cipitate as  an  oxycyanide  of  bismuth  (Proc.  Hoy.  Soc.  Edin.,  11,  557)  ; 
and  C.  Hoffmann  asserts  that  the  substance  is  bismuth  sulphide 
{Annalen,  223,  110).  When  this  puce-coloured  precipitate  is  re- 
peatedly treated  with  concentrated  boiling  potash  solution,  a  deep- 
red  liquid  is  produced,  and  a  heavy,  greyish-black  solid  remains. 

3.  Numerous  specin)ens  of  this  greyish-black  solid  have  been 
prepared  by  us.  In  each  case,  from  2 — 2^  parts  of  potassium  cyanide 
were  used  for  1  part  of  bismuth  nitrate ;  the  liquids  containing  the 
precipitates  were  boiled  for  10 — 15  minutes,  and  the  precipitates 
allowed  to  settle  ;  the  supernatant  liquids  were  poured  off,  and  the 
precipitates  were  then  heated  with  boiling  potash  (1  part  of  potash  to 
6  or  7  of  water)  ;  as  soon  as  the  potash  became  coloured  brownish- 
red  it  was  poured  off,  and  treatment  with  fresh  quantities  of  boiling 
potash  was  continued  till  the  liquid  ceased  to  be  coloured ;  the 
residues  were  then  washed  with  boiling  water  until  perfectly  free 
from  potash,  that  is,  until  the  colour  of  slips  of  red  litmus-paper  was 
unaffected  after  the  paper  had  remained  in  the  liquid  for  about 
12  hours  ;    they  were  then  dried  at  150 — 17U°. 

4.  The  substance  thus  prepared  is  a  dark-grey,  crystalline  powder, 
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which  is  seen  under  the  microscope  to  consist  of  small  tetrahedra 
belonging  to  the  cubic  system ;  it  is  soluble  with  difficulty  in  acids  ; 
on  heating  in  air,  it  turns  yellow.  Qualitative  examination  of  the 
different  specimens  shewed — (1.)  Absence  of  chlorine  compounds. 
(2.)  Absence  of  sulphur  compounds.  (3.)  Presence  of  small  traces 
of  potassium,  but  absence  of  all  other  metals  except  bismuth. 
(4.)  Presence  of  very  small  quantities  of  nitrogen  and  carbon. 
(5.)  Presence  of  a  little  silica.     And  (6.)  Presence  of  a  little  water. 

Numerous  quantitative  analyses  of  the  substance  have  been  made. 

Binmiith  was  estimated  (1.)  By  heating  the  specimen  in  air,  then 
dissolving  in  niti-ic  acid,  precipitating  as  carbonate,  and  weighing  as 
BioOg.  (2.)  By  fusing  with  potassium  cyanide  and  weighing  as  Bi. 
(3.)  By  heating  in  air,  dissolving  in  hydrochloric  acid,  precipitating 
as  oxy chloride,  and  weighing  as  BiOCl. 

Oxijgen  was  estimated  by  heating  in  pure  hydrogen  and.  weighing 
(1)  the  water  formed,  and  (2)  the  residue  left. 

Silica  was  separated  in  the  ordinary  way  during  the  course  of  the 
determination  of  bismuth  by  methods  (1)  and  (3)  above. 

Carhon  was  estimated  (1.)  By  heating  in  pure  air,  and  leading  thi 
carbon  dioxide  (a)  into  a  potash  tube,  weighed  before  and  after  the 
experiment;  (Jj)  into  baryta-water,  and  determining  the  BaCOs 
formed.  (Dupre  and  Hake,  Jour.  Ghem.  Soc.  Trans.,  1879,  159.) 
(2.)  By  heating  in  connection  with  a  Sprengel  pump,  and  measuring 
the  carbon  dioxide  evolved.  The  percentage  of  carbon  found  ranged 
from  0-03  to  023. 

Nitrogen  was  not  estimated,  as  the  qualitative  examination  showed 
it  to  be  present  in  very  minute  quantities. 

Determination  of  Water. — On  heating  in  air,  the  substance  turned 
yellow,  and  was  converted  into  BioOs,  this  change  being  accompanied 
by  slight  loss  of  weight,  which  varied  from  0'13  to  0-75  per  cent.,  the 
mean  being  about  0'3  per  cent. 

When  heated  in  a  stream  of  dry  nitrogen,  quite  free  from  oxygen 
and  oxides  of  nitrogen,  the  substance  does  not  turn  yellow,  but  a  loss 
of  0'5  per  cent,  (mean  of  several  closely  agreeing  experiments)  takes 
place;  as  this  loss  of  weight  was  almost  equal  to  the  gain  in  the 
weight  of  a  calcium  chloride  tube  attached,  the  loss  was  shown  to 
be  due  to  the  removal  of  a  little  water;  at  the  same  time,  minute 
fragments  of  metallic  bismuth  were  produced,  due  to  the  reducing 
action  of  traces  of  carbon  present  in  the  original  substance. 

We  do  not  give  details  of  our  estimations  as  the  experiments  were 
so  numerous ;  we  rather  present  a  condensed  statement  of  the  results. 

I.  The  most  trustworthy  results  for  bismuth  were  obtained  from 
a  specimen  prepared  with  great  care,  and  which  was  specially  well 
crystallised ;  several  complete   analyses  of  this  were   made,   the  sub- 
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stance    beiuor    first    heated    in    dry  air,    silica   and    potassium    being 
determined  in  the  residue, 

BijOa  found  varied  from  97'45  to  98"10  ;  mean  =^  9781  per  cent., 
which  is  equal  to  87"G7  per  cent.  Bi. 

II.   SiOj  varied  from  I'l — 12      Mean  value  =  1"18  per  cent. 

III.  The  amount  of  potassium  found  was  equal  to  0'45  per  cent. 
KoO. 

IV.  Mean  percentage  of  oxygen  found  by  reducing  in  hydrogen,  and 
deducting  toeight  of  residue  from  that  of  original. 

Two  different  specimens  were  used  ;  the  results  varied  from  10'58  to 
11-34.     Mean  =  10-84  per  cent. 

V.  Mean  percentage  of  oxygen  found  by  reducing  in  liydrogen,  and 
weighing  water  formed. 

Two  different  specimens  were  used ;  tlie  results  varied  fi-om  9-92 
to  12-8.     Mean  =  10-87  per  cent. 

Some  small  part  of  the  loss  of  weight  observed  when  the  substance 
was  heated  in  hydrogen  was  doubtless  due  to  removal  of  water 
associated  with  the  silica  and  potassium  compounds  present,  and  a 
small  part  of  the  water  obtained  almost  certainly  came  from  this 
source;  but  the  magnitude  of  the  correction  to  be  applied  to  the 
oxygen  estimation  on  this  account  could  not  be  accurately  determined  ; 
it  certainly  did  not  exceed  0-3  per  cent. 

The  results  of  the  complete  analysis  of  the  greyish-black  solid  may 
then  be  stated  as  follows  : — 

Oxygen 10-85  (mean  of  many  determinations  made 

with  different  specimens). 
Bismuth     87-51  (mean  of  6  determinations  made  with 

the  same  specimen). 
Silica 1-13  (mean  of  6  determinations  made  with 

the  same  specimen). 
Potash  (KoO)    0-45  (mean  of  3  determinations  made  with 

the  same  specimen). 
Water  (approx.) 0-30  (mean  of  many  determinations  made 

with  different  specimens). 
C  and  N  (approx.)  .  . .        0-20  (N  not  determined  ;  mean  per  cent. 

of    C     from     different    specimens 

=  0125). 

lOU-44 

If  a  correction  is  made  on  the  bismuth  for  the  quantities  of  silica, 
potash,  water,  carbon,  and  nitrogen,  we  have  : — 
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Calculated  for  Bi^Oj. 

Bismuth 89-46  Bismuth 8\)-65 

Oxygen lOSo  Oxygen 10-35 


100-31  100-00 

5.  When  the  greyish-black  substance,  which  we  have  proved  to 
consist  almost  entit-ely  of  bismuthous  oxide,  was  heated  to  redness  in 
air  or  in  a  stream  of  ox\-gen,  it  rapidly  changed  to  the  colour  and 
appearance  of  ordinary  bismuthous  oxide.  This  colour  change  was 
accompanied  by  a  loss  of  weight  amounting  to  about  0-3  per  cent,  (see 
paragraph  4). 

Microscopical  examination  showed  that  the  greyish-black  compound 
and  the  yellow  substance  remaining  on  heating  in  air  were  identical 
in  crystalline  form,  and  consisted  of  minute  regular  tetrahedra.  The 
sharpness  of  the  outlines  and  the  brightness  of  the  faces  of  the 
teti-ahedrons  remained  unaffected  by  heating,  the  only  change  visible 
to  the  eye  being  that  of  colour. 

The  change  produced  on  heating  in  air  or  oxygen  almost  certainly 
consists  in  the  oxidation  of  a  minute  quantity  of  the  puce-coloured 
compound  formed  by  the  reaction  of  potassium  cyanide  with  bismuth 
nitrate.  This  small  quantity  of  the  compound  in  question  adheres 
most  persistently  to  the  tetrahedral  crystals  of  the  bismuthous  oxide. 
When  the  greyish-black  crystals  are  heated  in  nitrogen,  the  colour 
does  not  change,  but  a  very  little  bismuthous  oxide  is  reduced  to 
bismuth  (see  paragraph  4)  ;  in  this  case  tlie  adhering  tilm  of  the  com- 
pound containing  carbon  and  nitrogen  is  not  burnt  away,  but  some 
of  it  reacts  with  the  bismuthous  oxide,  which  it  reduces  to  metal. 

We  fouud  that  it  is  possible  to  remove  the  whole  of  the  puce- 
coloured  compound  containing  carbon  and  nitrogen  by  prolonged 
treatment  with  boiling  potash  solution  so  concentrated  that  it 
solidifies  on  cooling;  the  residual  product  is  the  pale  yellow 
bismuthous  oxide.  Specimens  thus  pr-epared  and  dried  at  160°  did 
not  undergo  any  change  in  weight  when  heated  to  full  redness  in  air. 
'J 'he  long-continued  boiling  with  very  concentrated  potash  tends  to 
corrode  the  cubical  crystals,  and  produce  needles,  apparently  rhombic, 
which  are  contaminated  with  much  silica. 

6.  We  find  that  the  best  method  of  obtaining  cubical  bismuthous 
oxide  is  to  prepare  the  grey  substance  as  described  in  paragraph  3, 
and  then  to  heat  this  in  air  till  it  turns  yellow.  The  oxide 
thus  prepared  is  pale  buff-yellow;  it  consists  of  minute  but  well- 
developed  I'egular  tetrahedra,  the  faces  of  these  are  very  smooth 
and  bright,  and  their  edges  are  in  some  cases  modified  by  the  cube 
planes,  or  in  crystal) ographic  notation  the  crystals  exhibit  the  form 
^{111}  and  {100}  of  the  cubic  system. 
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Accordinsf  to  Nordenskjold  (Fogg.  Ann.,  114,  •A'!),  bismuthnus 
oxide  crystallises  in  rhombic  prisms;  the  ratio  of  the  axes  given  by 
him  is  not  identical  with  the  ratio  for  either  arsenious  or  antimonious 
oxide,  but  the  three  oxides  are  probably  isomorphoua  in  the  usual 
acceptation  of  this  terra. 

It  is,  moreover,  well  known  that  antimonious  and  arsenious  oxides 
are  also  dimorphous,  crystallising  in  the  cubic  as  well  as  in  tlie 
rhombic  system  (JNIalard  is,  however,  of  opinion  that  the  apparently 
cubic  crystals  of  antimonious  oxide  are  in  reality  built  up  of  indi- 
viduals belonging  to  the  oblique  system).  Tbecul)ic  crystals  of  these 
two  oxides  are  usually  octahedra,  but  arsenious  oxide  sometimes 
crystallises  in  tetrahedra  also,  and  we  may  therefore  consider  that 
the  preparation  by  us  of  tetrahedra!  bismuthous  oxide  establishes 
in  a  broad  sense  the  isodimorphism  of  this  group  of  oxides,  as  is 
seen  in  the  following  table  : — 

.  .  -if  rhombic  ;   prisms,  0'3758  :  1  :  0"3-5  :   sp.  sv.  4"2  ; 

Arsenious  oxide  ■(       ,  .  i     i  i  '     r   o  > 

(.cubic;  octahedra  and  tetrahedra;  sp.  gr.  8"689. 

Antimonious  r  rhombic  ;  prisms,  0'394  :  1  :  1'4I4;  sp.  gr.  5'5  ; 

oxide         I  cubic  ;  (?)  octahedra;  sp.  gr.  5"1. 

Bismuthous   f  rhombic  ;  prisms,  0'8165  :  1  :  r064;  sp.  gr.  8'3  ; 

oxide  I  cubic  ;  tetrahedra  ;  sp.  gr.  8"828. 

Cubical  bismuthous  oxide  is  specifically  heavier  than  the  rhombic 
form.  The  sp.  gr.  of  the  specimen  prepared  by  us  was  found  to  be 
8'828  at  25°,  referred  to  water  at  the  same  temperature  (mean  of 
several  closely  agreeing  determinations  made  with  different  speci- 
mens). Herapath  {Pliil.  Mag.,  64,  321  [1824])  gave  the  value  8'21  ; 
Karsten  (Schiveigger\i  Journ.,  65,  320,  394  [1832])  gave  8'173; 
Ptayfair  and  Joule  {Ghem.  Soc.  Mem.,  3,  57  [1848])  gave  8"079;  and 
Le  Royer  and  Dumas  gave  8'45  (see  Playfair  and  Joule).  The  mean 
of  these  values  is  8'304. 

7.  We  have  endeavoured  to  trace  the  reactions  by  which  the 
cubical  form  of  bismuthous  oxide  is  produced,  but  we  have  not  yet 
succeeded  in  fully  elucidating  the  stages  of  the  process.  Our  experi- 
ments have  shown  :  (1.)  That  the  tetrahedral  crystals  are  formed  in 
the  largest  quantity  under  the  conditions  described  in  paragraph  3. 
(2.)  That  if  the  precipitate  is  thoroughly  washed  before  it  is  heated 
with  potash  very  few  tetrahedra  are  formed.  (3.)  That  if  this 
pi"ecipitate  is  not  washed  but  is  kept  in  contact  with  very  concen- 
trated potash  solution  for  several  weeks  in  the  cold,  a  few  tetrahedra 
are  formed. 

We  have  also  found  that  the  puce-coloured  precipitate  produced  by 
potassium  cyanide  is  amorphous. 
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Repeated  experiments  have  convinced  us  that  the  action  of  hot 
potash  on  this  amorphous  precipitate  frequently  results  in  the  forma- 
tion not  only  of  tetrahedra,  but  also  of  needles  which  are  perhaps 
rhombic  prisms,  and  also  of  more  or  fewer  twin-crystals  somewhat  of 
this  form — 


In  some  cases  the  product  consisted  mainly  of  these  twins,  in 
some  the  twins  were  mixed  with  needles,  and  in  some  the  product 
was  mostly  composed  of  tetrahedra. 

Analyses  detailed  by  one  of  us  (Proc.  Roy.  Soc.  Edin.,  11,  557)  led 
to  the  conclusion  that  the  puce-coloured  precipitate  is  an  oxycyanide 
of  bismuth.  More  recent  analyses,  and  an  examination  of  the  action  of 
acids  on  this  precipitate,  lead  us  to  say  rather  that  it  is  a  compound 
of  bismuth,  oxygen,  carbon,  and  nitrogen.  When  this  precipitate  is 
boiled  with  concentrated  potash  solution,  2 — 3  per  cent,  of  the 
bismuth  in  the  substance  goes  into  solution  along  with  practically  all 
the  carbon  and  nitrogen.  Neutralisation  of  the  deep  red  liquid  thus 
obtained  produces  a  red-brown  solid  which  contains  bismuth,  carbon, 
nitrogen,  and  water.  Analyses  of  this  solid  have  led  to  conflicting 
results  ;  it  does  not  give  the  reactions  of  a  cyanide,  and  the  nitrogen 
and  carbon  are  present  in  approximately  the  ratio  1  :  1"4,  whereas  in 
cyanogen  they  are  present  in  the  ratio  1  :  0'857. 

We  reserve  an  account  of  the  puce-coloured  precipitate  and  of  the 
red-brown  solid  until  we  have  examined  them  more  fully. 


XXL -CONTRIBUTIONS    FROM    THE    LABORATORY    OF 
GONVILLE  AND  CAIUS  COLLEGE,  CAMBRIDGE. 

No.  XIV.  Periodates.     Part  II. 

By  C.  W.  KiMMiNS,  M.A.,  D.Sc,  late  Scholar  of  Downing  College, 

Cambridge. 

In  a  previous  paper  on  this  subject  (this  Journal,  Trans.,  1887,  356) 
I  described  the  preparation  and  examination  of  certain  periodates  of 
sodium,  potassium,  and  silver,  and    expressed  my  intention    of   in- 
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vestigatinjT  the   pcriodutes    of  other    metals  with   a   view    to    obtain 
evidence  as  to  the  constitution  of  these  compounds. 

I  have  now  prepared  periodates  of  lead,  iron,  copper,  nickel,  and 
cadmium,  by  reactions  between  soluble  salts  of  these  elements  and 
solutions  of  periodates  of  sodium  and  potassium,  and  I  liave  made 
direct  determinations  of  the  metal  and  iodine  in  each  salt.  (For 
methods  of  analysis,  see  Appendix.) 

Periodates  of  Lead. 

a.  Pb3H4(IOG)2. — On  treating  a  solution  of  NaoHJOfi  with  lead 
nitrate,  a  lig'ht  yellow,  amorphous  salt  is  obtained,  PbaHj(IOr,),.  The 
same  salt  is  obtained  by  using  K^LOa  instead  of  the  sodium  salt. 

Found. 

Calculated.  , * ^ 

PbaH^CIOg)^.  I.  II. 

Pb 57-8(5  p.  c.  57-86         57-51  p.  c. 

1 23-78     „  24-01  —      „ 

h.  Pb3(I05)o. — On  dissolving  FhslIiilOa).  in  nitric  acid,  and  con- 
centrating the  solution,  it  is  converted  into  a  dark  yellow  powder, 
having  the  composition  Pb3(I05)2. 

Found. 
Calculated.  ^ " ,, 

Ph3(105)2.  I.  II. 

Pb 59-89  p.  c.  59-85         59-99  p.  c. 

I 24-61     „  23-1  —      „ 

On  treating  sodium  and  potassium  periodates  with  nitric  acid  of 
different  degrees  of  concentration,  and  then  adding  lead  nitrate,  the 
periodate,  Pb3(I05)2,  was  in  all  cases  obtained. 

c.  Pb(IO02.— If  Pb3H,(IO02or  PbsCIO.,)^  is  boiled  for  some  time 
with  concentrated  nitric  acid,  a  small  quantity  of  an  amorphous  red 
salt  is  obtained,  which  can  be  separated  from  the  yellow  salt  only  wdth 
dithculty.  Analysis  of  this  salt  points  clearly  to  the  composition 
Pb(I04)2,  but  it  could  not  be  obtained  quite  pure. 

The  salt,  Pb3(I05)2,  readily  takes  up  moisture  ;  Pb3H4(I06)2  does 
not. 

On  keeping  Pb3H4(I06)3  at  275°  for  four  hours  it  gave  off  water, 
and  was  converted  into  Pb3(I05)2. 

Pb3H4(IOa)2  =  Pb3(IOa)2  +  2H2O. 

Periodates  of  Iron. 

Ferric  Salts. — a.  FeHIjOg. — On  treating  a  solution  of  NavHalOg 
wnth  ferric  chloride,  a  light  brown  precipitate  is  formed,  which  at 
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100°  gives  off  water,  and  forms  a  reddisli-brown  powder  of  the  com- 
position FeHLOg.  The  same  salt  is  formed  when  Kil^Og  is  used  in 
place  of  Na-HalOe. 

Calculated. 
FeHIjOg.  Found. 

Fe. 21  96  per  cent.  22'23  per  cent. 

I   49-92         „  49-48 

Boiling  with  dilute  nitric  acid  appears  to  have  no  effect  on  this 
salt.  The  results  of  several  analyses  gave  the  same  composition  as 
above. 

h.  re(I04)3. — On  boiling  FeHToOg  for  some  time  with  concentrated 
nitric  acid,  a  bright  3'ellow  powder  is  formed,  which  has  the  composi- 
tion Fe  (104)3. 

Ferrous  Salts,  a.  Fe5(I06)o. — On  treating  a  solution  of  K4LO9  with 
ferrous  sulphate,  a  brick-red,  crystalline  salt  is  produced,  having  the 
composition  Fe3(I06)2- 

Calculated. 

FesCIOg)".  Found. 

Fe 38-58  per  cent.  38-05  per  cent. 

h.  FeHsIOs- — This  salt  is  produced  by  adding  a  solution  of 
KaoHglOe  to  ferrous  sulphate.     It  is  a  light  brown  powder. 

Calculated. 
FeHjIOg.  Found. 

Fe 1993  per  cent.  2018  per  cent. 

The  determination  of  iodine  in  the  ferrous  salts,  in  both  cases,  was 
rather  less  than  the  calculated  values. 

Periodates  of  Copper. 

CujHIOe. — On  acting  upon  Na2H3l06  solution  with  copper  sulphate, 
and  boiling,  a  bright  green,  crystalline  salt  separates  out,  which  has 
the  composition  CU2HIO6.  A  solution  of  K4I2O9,  similarly  treated, 
gives  the  same  salt,  and  also  a  more  soluble  one,  which  appears  on 
concentrating  the  solution  (I  was  not  able  to  get  sufficient  of  this 
latter  salt  to  obtain  a  satisfactory  analysis). 


Calculated. 
CuaHlOg. 

Found. 

Cu 

J  

....      35-99  per  cent. 
....      36-1 

3563  per  cent 
38-81 

This  salt  is  very  soluble  in  nitric  acid,  and  .on  concentrating  this 
solution  a  bright  yellow,  crystalline  salt  is  formed,  but  it  could  not  be 
obtained  sufficiently  pui'e  for  analysis. 
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Periodates  of  Nicliel. 

a.  Ni;)(I06)2. — This  compound  is  obtained  as  a  greenish-yollow, 
amorphous  salt  by  the  action  of  nickel  sulpliate  on  a  solution  of 
Na2H:,T06.  No  action  takes  place  in  the  cold,  but,  on  boiling,  the  salt 
separates  out  as  a  flocculent  precipitate. 

Found. 
Calculated.  ^ * ^ 

Ni3(I05).,.  I.  II. 

Ni 29-8  p.  c.  29-54         29-36  p.  c. 

h.  Ni2l209. — On  treating  a  solution  of  K4L0y  with  nickel  sulpliate, 
a  bluish-green  gelatinous  precipitate  is  formed,  which,  on  dryinp- 
at  10U°,  gives  a  black  crystalline  salt  having  the  composition  Ni2l209. 

Calculated. 
Ni.JoOg.  Found. 

Ni 22-75  per  cent.  22-32  per  cent. 

The  determinations  of  iodine,  in  each  case,  w^ere  rather  below  the 
calculated  values. 

No  other  salt  could  be  obtained  on  boiling  down  the  nickel  periodates 
with  concentrated  nitric  acid. 

Periodates  of  Cadmium. 

CdHIOs. — This  salt  is  readily  obtained  from  Na-^HjIO^  solution  on 
treatment  with  cadmium  sulphate,  and  with  some  difficulty  from 
K4I2O9.     It  is  a  light  brown  powder. 

Calculated. 

CdHlOs-  Found. 

Cd 34-9    per  cent.  34-43  per  cent. 

1 39-69        „  39-78 

No  other  salt  of  this  metal  could  be  obtained. 


Periodates  of  Potassium,. 

It  was  stated  in  a  previous  paper  (this  Journal,  Trans.,  1887,  365), 
that  on  passing  chlorine  through  a  solution  of  equal  weights  of 
potassium  iodate  and  caustic  potash,  KIO4  was  obtained,  and  that 
KJ2O9  separated  out  from  the  solution  on  concentration.  I  now  find 
that  KJ2O9  is  soluble  in  caustic  potash  solution,  whilst  KIO4  is  almost 
insoluble,  and  that  if  a  smaller  quantity  of  caustic  potash  is  used,  or 
if  the  excess  of  caustic   potash,  after  separation  of   KIOi,  is  exactly 
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neutralised  with  niti^ic  acid,  the  salt  K4T20u,3H.,0,  mentioned  bj  Ram- 
melsberg,  is  readily  obtained  ivithout  concentration.  If  excess  of  acid 
is  used,  the  salt  K3HI0O9  is  obtained. 

Periodates  of  Silver.. 

The  salts  of  this  metal,  mentioned  in  my  former  paper,  were  all 
obtained  from  the  sodium  salt,  Na.HsIOe.  I  have  since  made  experi- 
ments, using  K4I2O9  instead  of  the  sodium  salt,  and  I  find  that  a 
similar  series  of  salts  may  be  obtained,  and  in  the  same  order,  by 
using  nitric  acid  of  different  degrees  of  concentration.  The  salts 
obtained  are  AgsHIOg,  AgiHJOe,  AggHalOe,  and  AgI04,H20  ;  but  in 
addition  to  these,  Ag4l309,3H20  is  readily  obtained  by  the  direct 
action  of  nitrate  of  silver  on  solution  of  K4I2O9  in  presence  of  nitric 
acid. 

The  first  salt  obtained  by  the  action  of  silver  nitrate  on  soluble 
periodates  is  genei^ally  stated  to  be  AgoIOe ;  but  with  K4I2O9,  as  ^Yith 
Na2H3l06,  I  failed  to  prepare  this  salt ;  in  each  case  I  obtained 
Ag2HI05. 

The  following  is  a  list  of  the  salts  I  have  prepared  and  analysed  : — 


Meta-periodates 

Meso-]5erioclate9 

Para-periodates 

Di-periodates. 

(HIO4). 

(H3IO5). 

(HJOe). 

(H4I2O9). 

e;io4 

Ag^HIOs 

Na-.H^IOg 

E4I..O9 

AgI04-H20 

PbsCIOs)., 

NagHoIOg 

EsHI.Og 

AgI04 

Ni3  (10^)2 

Ba^CIOe). 

Ag^IoOg-SH.O 

Pb(I04)2 

CdHIOa 

Ag.HglO^ 

Ag4lo09-Ho6 

Fe(I04)3 

Ag3H,IOs 

Ag4l209 

Pb3H4(I06)2 

FeHIoOg 

FesCIOe)., 

Ni2T209 

FeH.JOg 

CU2HIO6 

The  Constitution  of  the  Periodates. — It  is  e^adent  that  it  is  quite 
easy  to  pass  from  one  series  of  periodates  to  the  other,  and  that  the 
result  of  boiling  down  with  nitric  acid  is  to  convert  di-,  meso-,  and 
para-periodates  into  meta-periodates.  This  is  well  shown  in  the  case 
of  the  silver  salts,  silver  nitrate  being  generally  formed,  as  in  the 
case  of  Ag2H3l06;  Ag2H3l06  +  HNO3  =  AgI04,H20  -f-  HoO  + 
AgNOs. 

Similarly,  in  the  case  of  the  lead  salts,  a  quantity  of  lead  nitrate 
separates  out  after  the  formation  of  lead  meta-periodate, 

Pb3(I05)2  +  4HNO3  =  Pb(I04)2  +  2Pb(N03)2  +  2H2O. 
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The  conversion  of  di-periodates  into  para-periodates  is  shown  bj 
the  action  of  silver  nitrate  on  KJ^O-j ; 

K4LO9  +  4AgN0,  +  311,0  =  2Ag,H3T06  -r  4KXO3. 

The  conversion  of  para-periodates  into  meso-periodates  may  be 
brought  about  by  heating  acid  para-periodates  ;  for  example 

Pb.H/IOo),  =  Pb,(I()0.  +  2H,0. 

On  licating  Ag2HI05  to  a  high  tempei-ature,  300",  it  loses  weight 
and  water  is  given  off ;  the  change  which  takes  place  is  probably 
represented  by  the  following  equation  : — 

2Ag3HIOa  =  Ag^I.Og  +  HoO. 

Thus  a  meso-periodate  is  converted  directly  into  a  di-periodate. 

By  heating  acid  periodates,  changes  may  be  brought  about  similar 
to  those  which  take  place  on  heating  certain  acid  phosphates  and 
in  which  ortho-phosphates  are  converted  into  pyro-  or  meta- 
phosphates. 

Thomsen,  from  thermal  considerations,  regards  the  periodates  as 
being  all  of  one  type,  R4l209,3H30 ;  these  he  would  call  normal 
periodates,  and  those  in  which,  more  hydrogen  is  replaced  he  distin- 
guishes as  mono-,  di-,  and  tri-basic,  for  example,  Ba5(I06)o,  would  be 
written  Ba2l209,3BaO.  There  appears  to  be  a  great  difference,  how- 
ever, between  the  water  of  crystallisation  and  that  which,  is  given  off 
on  heating  the  acid  salts.  The  water  in  the  former  case  appears  to  be 
in  a  much  less  stable  combination.  Thus  at  100°  the  water  of  crystal- 
lisation in  most  cases  is  driven  off,  and  in  no  case  does  it  require  a 
higher  temperature  than  130°.  Rammelsberg  states  (Fogg.  Ann.,  134, 
368)  that  Ag4l209,H20  requires  a  higher  temperature,  150°,  but  I  find 
that  if  kept  at  130°  for  12  hours  the  whole  of  the  water  is  removed. 
In  the  case  of  acid  salts,  however,  no  water  is  given  off  until  a  tem- 
perature of  270 — 300°  is  reached,  and  in  some  cases  a  still  higher 
temperature  is  required. 

If  Thomsen's  views  are  accepted  one  would  expect  the  salts  AgoHIOs 
and  AgiL09,H20,  prepared  by  diffei-ent  methods,  to  be  the  same ;  but 
they  differ  in  appearance  and  behaviour.  On  heating  AgilaOgjHjO,  the 
whole  of  the  water  is  removed ;  in  the  case  of  the  meso-salt,  no  change 
takes  place  below  300°. 

Similarly,  Ag.HsIOe  and  Ag4l209,3H20  are  quite  distinct  in  their 
chemical  and  physical  properties. 

On  treating  solutions  of  Na2H3l06  and  K4I2O9  with  soluble  salts  of 
certain  metals,  insoluble  periodates  are  obtained  which  differ  in  many 
cases  according  to  the  alkali  periodate  used.     If,  however,  the  alkali 
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periodates  NaaHsIOe  and  K4l209,3H20  are  of  the  same  type,  the  same 
salt  would  probably  result. 

The  ready  way  in  which  salts  of  one  series  pass  into  those  of 
another  series,  as  shown,  for  example,  bv  the  preparation  of  the  silver 
periodates,  may  account  for  the  remarkable  thermal  results  observed 
by  Thomsen  on  adding  potassium  hydrate  to  para-periodic  acid ; 
thus — 

Fii'st  formula- weiglit  of  potasli  produced       5150  gram-units  of  heat. 

Second  „  ,,  „  2144U 

Third  „  „  „  3150 

Fourth,    and    fifth    formula- weights     of 

potasli  added    2300         „  „ 

The  general  tendency  of  the  action  of  nitric  acid  is  first  to  remove 
water  and  then  to  convert  the  resulting  periodates  into  the  meta- 
salts,  often  with  separation  of  part  of  the  metal  as  nitrate,  as  in  the 
cases  of  silver  and  lead. 

There  can  be  little  doubt,  tberefore,  that  there  are  four  distinct 
series  of  salts  ;  and  I  propose  to  attempt  the  preparation  of  meta- 
and  meso-periodic  acids  from  the  corresponding  salts. 

I  must  again  express  my  thanks  to  Mr.  Pattison  Muir  for  continual 
help  and  suggestions. 

Appendix. 

Metliod  of  Analysis. — The  method  of  estimating  iodine  was  as 
described  in  my  previous  paper.  It  is  necessary  to  make  a  blank 
experiment  with  measured  quantities  of  potassium  iodide  solution  and 
hvdrochloric  acid,  and  to  allow  for  any  iodine  set  free  on  digesting 
for  six  hours. 

In  one  case,  when  an  unusually  large  quantity  of  iodine  was  set  free, 
the  quantity  was  found  to  be  only  six  equivalents  of  the  iodine  in  the 
substance  ;  this  was  probably  due  to  iodide  of  chlorine  not  being 
split  up  by  the  potassium  iodide.  Unless  periodates  of  metals  of  high 
atomic  weight  are  being  analysed,  not  more  than  03  gram  should  be 
used  with  a  bottle  of  250  c.c.  capacity.  The  lead  was  estimated  as 
sulphate,  by  treating  with  sulphuric  acid  and  embedding  the  crucible 
deep  in  a  sand-bath.  By  this  method,  analyses  rarely  differed  more 
tlian  015  per  cent.  A  similar  method  was  used  for  the  estimation  of 
silver  as  chloride. 
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XV.  A  Compound  of  Boric  Acid  ivith  Sulpluir  Trioxide. 

By  R.  F.  D'AucY,  B.A. 

Boron  oxide  is  one  of  the  few  oxides  which  is  stated  to  hehave  some- 
times as  ail  acidic  and  sometimes  as  a  basic  oxide.  The  evidence  in 
favour  of  the  latter  statement  is  obtained  from  the  isolation  of  the 
following  compounds  : — (1)  a  very  stable  compound,  whose  compo- 
sition is  represented  by  the  formula  BPOi  (Gustavson,  Ber.,  3,  426 
4,  976)  ;  and  (2)  a  compound  analogous  to  tartar  emetic,  but  con- 
taining boron  instead  of  antimony  (Soubeiran  and  Capitaine, 
/.  Pharm.,  25,  741  ;  Duflos,  Schiveiggers  J.,  64,  333,  &c.). 

In  addition  to  these,  compounds  of  boric  acid  with  sulphur  trioxide 
and  sulphuric  acid  have  been  described.  Merz  (/.  jjr.  Ghem.,  99, 
181)  stated  that  a  substance  having  the  composition  corresponding  to 
the  formula  5B,03,2S03,2HoO  [SO3  29-31 ;  B2O3  64-10  ;  H^O  6-59] 
could  be  obtained  by  heating  boric  acid  with  excess  of  sulphuric  acid 
at  260 — 280°.  Merz  obtained  this  compound  several  times,  but  in 
certain  cases  nearly  all  the  sulphuric  acid  was  evolved. 

Schultz-Sellack  (Ber.,  4,  15)  states  that  crystals  separate  from  a 
solution  of  B2O3  in  fuming  sulphuric  acid,  and  that  the  composition 
is  represented  by  the  formula  B203,H20,3S03.  He  analysed  this  sub- 
stance by  estimating  the  amount  of  sulphuric  acid  as  BaS04,  the 
water  directly,  and  the  B2O3  by  difference.  The  percentage  com- 
position according  to  this  formula  is — 

SO3 73-2 

B.,03 21-3 

H2O   6-5 

Experimenting  as  Merz  did,  1,  like  Schultz-Sellack,  failed  to  get 
the  substance  Merz  described  ;  as  the  tempexature  rose,  sulphur 
trioxide  was  evolved  continuously,  and  no  compound  of  deKnite  com- 
position could  be  obtained  in  this  manner. 

I  next  tried  to  obtain  the  substance  described  by  Schultz-Sellack, 
but  failed  to  obtain  a  crystalline  compound.  I  then  added  finely 
powdered  boric  acid  to  a  large  quantity  of  SO;,;  a  rather  violent 
reaction  ensued,  the  whole  liquefied,  and  was  mixed  by  stirring  ■,  the 
mixture  was  then  heated  at  100°  until  sulphur  trioxide  ceased  to  be 
evolved.  On  cooling,  a  solid  separated,  and  this  was  dried  on  tiles 
in  desiccators  over  sulphuric  acid. 
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I  have  analysed  substances  prepared  in  his  manner,  by  determining 
the  sulphur  trioxide  as  BaSOi  by  precipitation  with  BaClo,  the  boron 
trioxide  by  the  methyl  alcohol  method  (Gooch,  Proc.  Amer.  Acad,  of 
Arts  and  Sciences,  1886-1887),  and  the  water  by  difference.  It  was 
an  advantage  to  be  able  to  determine  the  boron  trioxide  directly ;  the 
estimations  by  the  methyl  alcohol  method  seemed  to  be  satisfactory  ; 
different  analyses  of  the  same  substance  gave  results  which  never 
differed  by  as  much  as  0'5  per  cent. 

The  following  are  the  details  of  the  substances  so  prepared  : — 

1.  2  grams  of  boric  acid  were  added  to  13"2  grams  of  sulphur 
trioxide.  The  substance  obtained  from  these  as  described  above  gave 
on  analysis  the  following  numbers  : — 

SO3   78-8 

B,03 ]  1-3 

H,0 9-9 

2.  From  2"2  grams  of  boric  acid  and  23"2  grams  of  sulphur  trioxide, 
a  substance  was  obtained  possessing  the  composition — 

SO3   797 

BA 10-6 

H,0 9-7 

3.  From  7  grams  of  boric  acid  and  35  grams  of  sulphur  trioxide  a 
substance  was  obtained  which  possessed  the  following  percentage 
composition  :  — 

SO3 78-3 

B0O3 12-2 

H3O 9-5 

None  of  these  differs  much  from — 

SO3 79-5 

B2O3 11-6 

H,0  8-9 

which  is  the  percentage  composition  corresponding  to  the  formula 
BH303,3S03  or  B(HS04)3. 

The  substance  thus  prepared  is  a  white  solid,  which  melts  at  about 
215°,  and  dissolves  readily  in  fuming  sulphuric  acid.  It  is  very 
hygroscopic,  and  this  possibly  explains  why  the  analyses  do  not  agree 
better. 

It  is  worthy  of  notice  that,  in  preparing  the  above  substance,  the 
proportions  of  boric  acid  and  sulphur  trioxide  used  varied  from  about 
1  :  5  to  1  :  12.  In  order  to  vary  the  conditions  further,  the  following 
experiment  was  made  : — 5   c.c.  of  concentrated  sulphuric  acid  and 
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0  o-ranis  of  boric  acid  were  added  to  115  grams  of  sulphur  trioxide, 
and  the  mixture  was  heated  till  sulphur  trioxide  ceased  to  be  evolved. 
A  solid  separated  out  on  standing;  on  analysis,  this  solid  was  found 
to  have  the  following  percentage  composition  :  — 

SO,    80-1 

B,03 11-8 

H^O 81 

which  agrees  very  fairly  with  the  composition  given  by  the  formula 
stated  above. 

So  far  as  my  experiments  have  gone,  SO3  and  dry  H2O3  do  not  seem 
to  combine  when  heated  together. 

The  compound  B(HS04)3  may  be  a  salt  of  HaSOi,  or  it  may  be  a 
compound  of  H3BO3  with  SO3,  somewhat  analogous  to  the  compounds 
of  WO3  and  M0O3  with  anhydrides.  If  the  presence  of  water  is 
necessary  for  the  formation  of  the  compound,  the  latter  view  seems 
to  be  preferable  to  the  former. 

I  hope  to  continue  this  work,  and,  if  possible,  to  obtain  similar 
compounds  with  other  acids  and  acidic  oxides,  and  to  investigate  their 
properties. 

I  have  much  pleasure  in  thanking  Mr.  Pattison  Muir,  at  whose 
suggestion  I  undertook  this  work,  for  help  during  the  course  of  these 
experiments. 
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No.  XVII. — On  Compounds  of  Arsenious  Oxide  with  Sulphuric 
Anhydride. 

By  R.  H.  Adte,  B.A.,  Scholar  of  Trinity  College. 

1.  The  conditions  which  determine  the  formation  and  stabilities  of  the 
class  of  bodies  known  as  "  molecular  compounds,"  have  not  yet  been 
fully  elucidated.  It  seemed  probable  that  a  comparison  of  the  corre- 
sponding compounds  of  a  group  of  allied  elements  would  throw  some 
light  on  this  subject.  With  this  aim  in  view,  I  have  selected  the  fifth 
group,  as  the  elements  are  classified  on  the  basis  of  the  periodic  law, 
and  I  propose,  in  the  first  instance,  to  examine  some  of  the  analogous 
compounds  which  the  oxides  of  these  elements  form  with  anhydrides. 
YOL,  LY.  N 
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To  make   a  beginning,  I  have  studied  the  bodies  formed  by  the  com- 
bination of  arsenious  oxide  with  sulphui'  trioxide. 

2.  In  1863,  Richter  found  masses  of  arsenious  oxide,  containing 
sulphuric  acid,  deposited  in  the  flues  leading  from  the  pyrites  burners 
to  the  chamber  of  a  sulphuric  acid  manufactory.  These  crystals 
were  analysed  by  Reich  (/.  pr.  Chem.,  90,  176),  who  found  in  them 
72"18  percent,  of  As20a.  He  states  that  they  were  completely  decom- 
posed by  heating.  Schafhaiitl  {Berzel.  Jahr.,  22,  113)  also  obtained 
a  compound  of  arsenious  oxide  with  sulphuric  anhydride,  from  the 
flues  of  a  sulphuric  acid  works.  By  dissolving  arsenious  oxide  in 
fuming  sulphuric  acid  of  a  strength  not  specified,  Schultz-Sellack,  in 
1871,  obtained  crystals  the  analysis  of  which  agreed  with  the 
formula  As203,4S03  {Ber.,  4,  109)  ;  these  crystals  were  readily  decom- 
posed by  water.  In  1886  {Ber.,  19,  3185),  R.  Weber  obtained  two 
compounds,  AsoQsjSSOs  and  Aso03,6S03,  by  heating  together  the  two 
oxides  and  distilling  off  the  excess  of  sulphuric  anhydride  at  definite 
temperatures. 

3.  As  the  products  of  the  reaction  of  arsenious  oxide  with  sul- 
phuric acid  of  varying  degrees  of  concentration  do  not  appear  to 
have  been  examined,  I  began  by  using  concentrated  sulphuric  acid 
(about  98  per  cent.  H2SO4),  and  then  I  examined  the  effects  of  dilut- 
ing this  acid  ;  I  also  used  fuming  sulphuric  acid  and  liquid  SO3. 

4.  In  each  case  the  acid  was  heated  to  boiling,  and  powdered 
arsenious  oxide  was  dropped  in  so  lung  as  it  continued  to  be  dis- 
solved ;  the  crystals  which  formed  on  cooling  were  drained,  at  once 
pressed  repeatedly  between  porous  tiles  which  had  been  thoroughly 
dried,  and  analysed.  In  some  cases,  second  crops  of  crystals  were 
obtained  by  agitating  the  mother-liquors,  or  by  allowing  them  to 
remain  over  fuming  sulphuric  acid.  In  one  or  two  oases,  the  crystals 
were  recrystallised  from  acid  of  the  same  concentration  as  that  from 
which  they  had  separated.  In  this  section,  I  give  a  general 
account  of  the  concentrations  of  the  acids  ^mployed  and  the  composi- 
tions of  the  compounds  obtained;  the  analytical  details  are  presented 
in  section  6. 

A.  Sulphuric  anhydride  used  ;  solution  effected  by  heating  in  a 
closed  tube  at  100°.  Com^^ound  obtained  As.i03,8S03,  perhaps 
mixed  with  Aso03,9S03. 

R.  Nordhausen  acid  used,  containing  88'3  per  cent.  SO3,  and 
therefore  approximating  to  the  composition  2H._,S04,S03; 
crystals  recrystallised  from  the  same  acid. 

Compound  obtained  As203,4S03 ;  previously  obtained  by 
Schultz-Sellack  (section  2).  The  mother-liquor  placed  in  an 
exsiccator  on  one   occasion  deposited  crystals  which  approxi- 
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mated  in  composition  to  As,0;j,3S03 ;  these  crystals  were  re- 
cj-ystallised  from  "  concentrated  sulplinric  acid  "  ;  the  composi- 
tion of  the  compound  wliich  sepamted  was  As20:j,2SO;j,  wliicli 
is  the  same  as  that  of  the  compound  formed  wlien  arsenious 
oxide  is  dissolved  in  hot  concentrated  sulphuric  acid  (see  C). 
The  mother-liquor  from  the  As,.03,2SOa  deposited  crystals 
containino;'  rather  more  SO^  than  is  required  by  the  foi'inula 
As,03,2S03. 

C.  Concentrated  sulphuric  acid  used,  containing  about  98  per  cent. 

H.jSOi ;  two  crops  of  crystals  were  obtained.  The  first  crop 
contained  less  SO3  than  is  required  by  the  formula  As>03,2S03, 
and  more  than  corresponds  to  the  formula  AsjOajSOs ;  probably 
the  excess  of  arsenious  oxide  dissolved  at  the  higher  tempera- 
ture crystallised  out  along  with  varying  quantities  of  SO3. 
The  second  ci'op  of  crystals  agreed  with  the  formula  As:iO;j,2S03; 
recrystallisatiou  scarcely  affected  the  composition  of  these 
crystals. 

D.  Sulphuric  acid  of  different    concentrations  was  used;  the  con- 

centrations are  approximately^  expressed  by  the  formulae 
9H,S04,2H,0,  9H.,SO„4H,0,  9H,S04,6H20,  and  H,S04,H,0. 
In  each  case,  the  compound  AsiOsjSOs  was  px'oduced  ;  previously 
obtained  by  Richter  and  analysed  by  Reich  (see  section  2). 
No  compound  of  AS2O3  with  SO3  was  obtained  by  dissolving 
arsenious  oxide  in  acid  more  dilute  than  that  approximately 
represented  by  the  formula  H2S04,H20. 

E.  Attempts  were  made  to  obtain  Weber's  compound,  As.,03,6SO:j 

(see  section  2),  by  recrystallising  As.203,4S03  (see  B)  from 
hot  fuming  acid  containing  so  much  sulphuric  anhydride  that 
it  solidified  on  cooling  ;  the  product  was  not  homogeneous  ;  on 
one  occasion,  the  crystals  which  separated  appeared  to  be 
As203,3S03 ;  but  it  is  probable  that  the  crystals  were  really  a 
mixture.  (The  substance  obtained  gave  43"51  per  cent.  AS2O3 ; 
the  compound  As203,3S03  requires  45'21  per  cent.  As203 ;  the 
temperature  required  for  solution  was  above  the  boiling  point 
of  sulphuric  anhydride.) 

5.  The  compounds  obtiined  as  described  in  4  are  very  hygro- 
scopic; they  are  decomposed  by^  Avater,  giving  solutions  contain- 
ing sulphuric  acid  and  arsenious  oxide  ;  those  containing  relatively^ 
much  sulphuric  anhydride  ('As203,8S03,  and  As20;i,4S03)  are  separated 
into  their  constituent  oxides  below  100° ;  As20„2S03  does  not  lose 
weight  at  150°,  but  is  completely  decomposed  at  170°  ;  As203,SO 
lost  5-4  per  cent,  by  heating  at  225°  for  four  hours,  the  complete 
expulsion  of  all  the  sulphuric   anhydride  would  have  been  attended 
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by  a  loss  of  28" 7  per  cent.;  the  residue  contained  both  arsenic  and 
sulphur. 

The  compound  AsjOajSSO,,  may  be  called  the  normal  sulphate, 
As2(S04)3.  This  compound  is  less  stable  than  either  As203,2S03  or 
AsjOsjSOs ;  it  was  obtained  by  Weber  by  dissolving  AS2O3  in  SO3  and 
distilling  off  the  excess  of  the  latter  at  a  definite  temperature  ;  but  it 
does  not  seem  to  have  been  certainly  produced  in  any  of  the  reactions 
described  in  this  paper.  Thus  two  specimens  of  As203,4S03  were  re- 
crystallised  from  fuming  acid,  approximately  3H2S04,S03;  the  results 
were  as  follow  : — 


First  crystal!' sat  ion 
Second  ,, 

Thii-fl 
Fourth 


Percentage  of  As^Oj  found. 


Specimen  I. 


55  "37  p.c. 
44-38    „ 
37-79    „ 
60-67    „ 


Specimen  II. 


64  -80  p.  c. 
56-24    „ 


Percentage  of  AS.2O3 
calculated  for 


A8.,0.^,6S03  =  29-20  p.  c. 
As203,4S03  =  38-22     „ 
Aso03,3S03  =  45-21     „ 
As.,03,2S03  =  55-31     „ 
As.,03,6S03  =  71-22     „ 


6.  The  method  used  for  obtaining  the  various  compounds  described 
approximately  pure  and  dry,  namely,  draining  quickly  and  then  pressing 
between  dry  porous  tiles,  was  adopted,  because  the  analytical  results 
obtained  from  preparations  which  had  remained  over  concentrated 
sulphuric  acid  were  discordant.  The  comparative  di-yness  of  the 
porous  tiles  was  found  appreciably  to  affect  the  compositions  of  some 
of  the  compounds,  especially  when  but  a  small  quantity  was  at  my 
disposal.  The  chief  difficulty  was  to  get  the  crystals  quite  free  from 
adhering  acid  without  decomposition  by  exposure  to  the  air ;  the 
consequent  uncertainty  increased  the  experimental  error. 

The  arsenic  in  the  compounds  described  was  estimated  by  titration 
with  an  iodine  solution  standardised  against  arsenious  oxide.  This 
method  was  found  to  give  better  results  than  that  based  on  oxidation 
and  estimation  as  magnesium  pyroarsenate,  with  which  I  compared 
it  in  order  to  see  whether  any  arsenic  oxide  had  been  formed  by 
reduction  of  sulphuric  anhydride.  Sulphur  trioxide  was  estimated 
as  barium  sulphate  ;  the  presence  of  considerable  excess  of  hydro- 
chloric acid,  which  was  necessary  to  keep  all  barium  arsenate  in 
solution,  possibly  made  the  results  slightly  too  low.  Inasmuch  as 
repeated  estimations  of  both  arsenious  oxide  and  sulphuric  anhydride 
showed  that  these  two  oxides  were  the  only  constituents  of  compounds 
prepared  as  described,  it  was  deemed  enough,  as  a  general  rule,  to 
estimate  one  of  the  oxides  only. 
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Tlic  following  are  tlio  i-osnlts  of  the  analyses  oC  the  different  com- 
pounds obtained  (the  reference  letters  correspond  with  tliose  used  in 
section  4)  :  — 

A.  AsjOa.SSOs.     Analyses  of  five  different  preparations  : — 

I.  II.  III.  IV.  V. 

AsoO. 22-41  24-2  21-27  24-29         22-05 

SO3 76-06  —  —  —  — 

Calculated  for 

AsoOg/JSOs.      AsoO;„8S03.       As.Oa.GSO;,. 

As-A '21-57  23-03  29-2     ^ 

SO3 78-43  76-37  70-8 

B.  (1)  As203,4S03.     Analyses  of  two  different  preparations  : — 

Calculated  for 
I.  II.  As20a,4S03. 

AS0O3 —  36-45  38-22 

8O3 61-01  —  61-78 

(2)  As<03,  3SO3;  from  mother-liquor  from  above. 

Calculated  for 
As203,:iS03. 

AsA 43-99  45-21 

SO3 —  54  79 

(3)  As203,2S03 ;  by  reciystallising'  (2)  from  hot  acid  contain- 

ing approximately  98  per  cent.  H2S0i. 

Calculated  for 
I.  II.  As203,2S03. 

As-A —  57-29  55-31 

SO3 45-33  —  44-69 

(Mother-liquor  from  (3)  gave  crystals  containing  (a)  47-05,  {h) 
51'03  per  cent.  SO3.) 

C.  AsA,2S03. 

Calculated  for 

I.  II.  III.  AS203,2S03. 

As,03  ....        —  —  55-42  55-31 

SO3 41-08        44-19  —  44-69 

D.  AsoA,S03. 

From  acid  From  From  From 

9H2S04,2H20.  GHsSO^.^UjO.  9E2S04,6H20.  HoSO^.flsO- 
AsA..      70-65                 72-21                   —  70-99 

SO3...        —  —  26-19  — 
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Ciilculaterl  for 
AsoOs.SOa. 

AS2O3 71-22 

SO3 28-78 

Solids  wliicli  separated  from  acid,  approximately  HoS04,2H20, 
gave — 

I.  II.             II. 

As,03 98-o6  100-8          — 

SO3 0-98  —           5-37 

7.  The  results  detailed  iu  the  preceding  sections  show  that 
several  definite  but  unstable  compounds  of  arsenious  oxide  with 
sulphuric  anhydride  are  produced  by  dissolving  arsenious  oxide  in 
hot  sulphuric  acid  of  different  concentrations,  or  in  hot  liquid  sul- 
phur trioxide,  and  allowing  the  liquid  to  cool.  These  compounds 
are  As203,8S03,  As203,4S03,  As.03,2S03,  and  As203,S03.  The  com- 
l)Ounds  AsjOsjtnSOs  and  As203,3S03,  described  by  Weber  (vide  sec- 
tion 2),  do  not  seem  to  be  obtained  by  this  method  ;  to  procure 
bodies  of  the  compositions  indicated  by  these  formulte,  it  is  necessary 
to  heat  the  oxides  together,  and  then  to  distil  off  excess  of  sulphuric 
anhydride  at  definite  temperatui-es. 

There  seems  to  be  an  upper  and  an  under  limit  to  the  number  of 
SO3  groups  that  can  combine  with  AsoOs ;  when  arsenious  oxide  is 
dissolved  in  excess  of  hot,  liquid  sulphuric  anhydride,  under  increased 
pressure,  the  compound  obtained  on  cooling  is  probably  As,03,8S03 ; 
when  acid  of  the  concentration  approximately  represented  by  the 
formula  H2S04,H20  is  used,  the  compound  obtained  on  cooling  is 
As203,S03;  if  the  acid  is  more  dilute  than  this,  no  compound  of  the 
two  oxides  is  formed.  When  a  considerable  excess  of  arsenious  oxide 
is  dissolved  in  hot  concentrated  sulphuric  acid,  the  excess  of  the 
oxide  separates,  on  cooling,  in  combination  with  sulphuric  anhydride, 
the  quantity  of  which  varies  in  accordance  with  the  relative  masses 
of  the  oxide  and  acid  used;  on  agitating  the  -  mother-liquors,  deposi- 
tion of  a  definite  compound  occurs.  On  recrystallisation  of  the  definite 
compounds  from  the  same  acids,  the  same  phenomena  are  repeated. 
100  grams  of  H2SO4  can  hold  in  solution  and  combination  1  gram  of 
AS2O3 ;  if  there  be  more  AS2O3  than  this,  the  excess  separates  on  cool- 
ing. As  regards  the  action  of  heat,  the  most  stable  compound  of  the 
series  examined  is  As203,S03;  this  compound  is  probably  partiallj^ 
volatilisable  without  decomposition.  The  variety  and  instability  of 
the  compounds  described  bears  out  the  remark  of  Armstrong,  that,  in 
solution,  like  dissolves  like  ;  instead  of  the  welbmarked  stable  bodies 
which  are  produced  by  the  combination  of  negative  nitrous  and 
sulphuric    anhydride,    'N'203,2S03,  or  by  the  combination  of  positive 
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bisniutlions  oxide  witli  the  Tief^ativc!  snlpliuric  anliydrifle,  Bi..O.|,3S03, 
we  liave  a  series  of  bodies  which  arc  definite  in  comfjositioii,  hnf  liave 
very  little  stability. 

The  compounds  of  arsenious  oxide  and  sulphuric  anhydride  do  not, 
I  think,  belong  to  the  category  of  salts,  understanding  by  this  term 
the  metallic  derivatives  of  acids ;  the  method  of  their  production, 
and  their  instability  towards  sulphuric  acid,  water,  and  heat,  points 
to  a  constitution  analogous  to  that  of  tlu;  double  salts.  The  com- 
pound AsjOsjSSOa,  the  fornnila  of  which  niiglit  be  written  As.j(S0i)3, 
is  certainly  quite  as  unstable  as  any  of  the  others.  I  would  regard 
them  as  composed  of  two  radicles,  both  of  which  are  negative,  but 
one,  of  course,  more  negative  than  the  other.  These  negative  radicles 
combine  in  the  ratio  of  one  to  one ;  but  the  compound  thus  formed  is 
ready  to  take  up  a  further  quantity  of  the  more  negative  radicle,  and 
this  further  combination  depends  on  the  relative  masses  of  the  con- 
stituents of  the  reacting  system,  namely  As.Oa,  HjO,  and  SO;,.  As 
the  quantity  of  the  more  negative  radicle  increases  relatively  to  that 
of  the  less  negative,  the  compounds  become  more  unstable. 

In  the  series  of  compounds  we  have  another  example  of  the  shading 
off  of  chemical  into  physical  action. 

I  must  thank  Mr.  Pattison  Muir  for  the  use  of  his  laboratory,  and 
for  kindly  hints  and  assistance  during  the  progress  of  the  work.  I 
hope,  before  long,  to  communicate  to  the  Society  an  account  of  the 
compaiuds  which  antimonious  oxide  forms  with  sulphuric  anhydride. 


XXIV. — The  Vapour-density  of  Hydrogen  Fluoride. 
By  T.  E.  Thorpe,  F.R.S.,  and  F.  J.  Hambly. 

In  a  short  paper  published  in  the  Transactions  for  1888  (p.  765), 
Ave  gave  a  preliminary  account  of  an  investigation  which  led  us  to 
conclude  that  the  process  of  breaking  up  by  heat  of  the  molecular 
grouping  of  hydrogen  tluoride  in  the  state  of  vapour  is  analogous  to 
that  of  acetic  acid,  vapour,  and  that  there  was  no  evidence  that  a 
molecule  corresponding  to  the  formula  of  H2F2  existed  through  any 
appreciable  range  of  temperature.  We  now  beg  to  lay  before  the 
Society  a  detailed  account  of  the  experiments  by  which  we  think  this 
conclusion  is  substantiated. 

The  first  attempt  to  determine  the  vapour-density  of  hydrogen 
fluoride  was  made  by  Grore  (Phil.  Trans.,  1869,  173).  By  heating 
a  known  volume  of  hydrogen  with  a  slight  excess  of  fused  anhydrous 
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silver  fluoride  contained  in  a  platinum  vessel,  Gore  found  tliat  1  vol. 
of  hydrogen  at  about  IOC  became  approximately  2  vols,  of  hydrogen 
fluoride  at  the  same  temperature,  corresponding  with  the  formula  HF. 

Mallet  (Amer.  Chem.  J.,  3,  89),  in  1881,  sought  to  determine  the 
density  by  directly  weighing  the  vapour  in  a  vessel  of  known 
capacity.  The  hydrogen  fluoride  was  prepared  by  heating  cryolite 
with  100  per  cent,  sulphuric  acid  in  a  leaden  retort,  condensing  the 
vapour  in  a  leaden  worm,  and  collecting  the  acid  in  a  leaden  bottle. 
Sufficient  acid  was  prepared  to  produce  at  least  eight  times  the 
volume  of  vapour  required  to  fill  the  vessel  employed.  This  was  a 
large  fla,sk  of  Bohemian  glass  holding  about  4^  litres,  fitted  with  a 
cork  carrying  two  tubes,  one  of  which  extended  two-thirds  within  the 
body  of  the  flask,  whilst  the  other  ended  immediately  below  the 
cork.  The  flask,  cork,  and  glass  tabes  were  coated  with  parafiin 
melting  at  .56°,  and  the  outer  ends  of  the  tubes  could  be  closed  by 
means  of  corks  also  coated  vvith  paraffin.  The  absolute  weight,  in  a 
vacuum,  of  all  the  materials  was  determined.  In  the  first  experiment, 
the  acid  was  volatilised  at  about  25°  from  the  leaden  tube,  and  was 
passed  through  a  small  glass  tube  coated  with  paraffin  and  conlaining 
phosphorus  pentoxide ;  4347"4  c.c.  of  vapour  at  29*^  and  743"7  mm. 
were  found  to  weigh  7'250  grams,  whence  the  vapour-density  is 
21  "06  (H  =  1).  After  its  weight  had  been  determined,  the  acid  was 
absorbed  by  water  and  the  solution  tested :  it  was  found  to  be  free 
from  silica,  lead,  sulphuric  and  sulphurous  acids,  but  gave  a  reaction 
for  phosphoric  acid,  due  to  the  formation  either  of  phosphorus  penta- 
fluoride  oi*,  more  probably,  of  phosphoryl  fluoride,  by  the  action  of 
the  hydrogen  fluoride  on  the  phosphoric  anhydride.  Accordingly, 
in  a  second  experiment,  the  phosphorus  pentoxide  was  omitted,  the 
upper  end  of  the  leaden  worm  being  directly  connected  with  the  large 
flask,  and  a  little  of  the  100  per  cent,  sulphuric  acid  was  added  to 
the  liquid  hydrofluoric  acid  in  the  leaden  bottle  whilst  still  in  the 
freezing  mixture.  A  new  flask,  fitted  with  tubes  as  in  the  first 
experiment,  was  used,  4394'7  c.c.  of  vapour  at  30'5°and  7452  mm. 
were  found  to  weigh  6'819  grams,  whence  the  vapour-density 
is  19'66  (H  =  1).  Hence  Mallet  was  apparently  justified  in  assum- 
ing that  the  vapour-density  of  hydrogen  fluoride  at  these  tempera- 
tures corresponded  with  the  formula  H3F2,  which  by  calculation  gives 
the  value  200  (H  =  1),  whereas  at  100°  the  density  corresponded 
to  HF.  Mallet  concludes  his  paper  by  a  brief  statement  of  the  argu- 
ments in  favour  of  the  bivalent  nature  of  fluorine  as  supported  by 
his  experiments,  and  points  out  how  the  constitution  of  a  number  of 
fluorine  compounds  may  be  conveniently  exhibited  on  the  supposi- 
tion that  fluorine  hr«s  the  same  linking  power  as  oxygen. 

The  only  other  observation  of  the  kind  of  which  we  have  been  able 
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to  discover  any  arcoinit  wns  made  by  Viiizenz  Kletzinsky.  In  tlie 
obituary  notice  of  tliis  cliemist  given  in  tlio  lierichte  der  dcutscli.  cJicm. 
(re.svZ/.  for  1882,  p.  331"2,  there  is  an  allusion  to  tbe  results  of  experi- 
ments published  in  the  Jahresberichte  der  Handelsschide  von  Forr/es, 
1878,  under  the  title  "  Ein  Beitrag  zur  Chemie  des  Fluors,"  wherein 
the  results  of  a  vapour-density  determination  of  hydrogen  fluoride  is 
given  which  led  Kletzinsky  to  the  conclusion  that  fluorine  is  a  bi- 
valent element.  A  reference  is  made  to  this  estimation  in  the  Cheviilcer 
Zeitnvg  for  1884,  p.  755,  in  a  paper  entitled  "  Die  Fluormineralien," 
by  Frhr.  v.  Jiiptner,  in  which  it  is  stated  that  Kletzinsky  found  that 
the  weight  of  1  litre  of  hydrogen  fluoride  at  20"  (80"  ?)  was  from 
1'75  to  1'79  grams,  giving  a  molecular  weight  of  about  89'5,  and 
corresponding  with  H2F2. 

It  seemed  to  us  important  to  study  this  question  of  the  vapour- 
density  of  hydrofluoric  acid  in  greater  detail.  Tlie  fact  that  hydro- 
fluoric acid  is  li(iuid  at  the  ordinary  temperature,  whereas  its  congeners, 
hydrochloric,  hydrobromic,  and  hydriodic  acids  are  only  liquefied  at  very 
low  temperatures,  would  seem  to  indicate  a  dissimilarity  in  molecular 
constitution  as  compared  with  these  substances.  Analogy  would 
appear  to  show  that,  on  the  whole,  the  substance  of  lowest  molecular 
weight  should  have  the  simplest  constitution.  Although  water, 
which  stands  in  the  same  relation  to  the  hydrides  of  sulphur,  selenium, 
and  tellurium  that  hydrogen  fluoride  does  to  the  hydrides  of  chlorine, 
bromine,  and  iodine,  resembles  hydrogen  fluoride  in  being  liquid 
at  the  ordinary  temperature,  there  is,  on  the  other  hand,  a  striking 
point  of  difference  between  hydrogen  fluoride  and  the  other  halogen 
hydrides,  in  the  remarkable  tendency  to  duplication  of  the  fluorine 
compounds,  as  seen  in  the  existence  of  the  so-called  acid  fluorides,  e. 7., 
HKF2  or  HF'FK,  a  fact  which  has  been  frequently  noted,  and  which, 
many  years  ago,  led  to  the  suggestion  that  the  true  atomic  weight  of 
fluorine  was  88 — i.e.,  twice   its  present  value ;  and  that  hydrofluoric 
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acid  was  in  reality  tt  ?  f .  Gore,  indeed,  pointed  out  that  hydro- 
fluoric acid  is  by  many  of  its  properties  placed  between  hydrochloi'ic 
acid  and  water,  but  is  much  more  closely  allied  to  the  former  than  to 
the  latter.  Hence,  therefore,  we  thought  it  would  be  of  interest  to 
trace  the  process  of  breaking  up  of  the  complex  molecule  of  the  aciil 
from  temperatures  close  to  its  boiling  point  under  ordinary  pressures 
up  to  temperatures  at  which  the  density  became  normal.  We  miglit 
thereby  hope  to  obtain  not  only  additional  material  towards  a  discus- 
sion of  the  general  theory  of  gaseous  dissociation,  but  also  to  gain  some 
information  concerning  the  more  strictly  chemical  question  of  the 
theory  of  definite  valency. 

It  need  hardly  be  pointed  out  that  a  research  of  this  kind  presents 
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certain  special  difficulties.  Hydrofluoric  acid  is  a  disagreeable  and, 
indeed,  dangerous  substance  to  work  with,  owing  to  its  volatility 
and  the  extremely  corrosive  nature  of  its  vapour.  So  energetically 
does  it  act  on  the  membrane  of  the  throat  that  an  incautious  inhala- 
tion of  the  vapour  may  produce  temporary,  and,  as  in  the  case  of 
Knox,  who  attempted  to  electrolyse  the  acid,  permanent  loss  of  voice. 
Dav}-,  for  the  same  reason,  was  obliged  to  abandon  his  attempts  to 
isolate  fluorine.  Louyet  and  Nickles  were  killed  by  accidentally  in- 
haling the  vapour  of  the  strong  acid.  A  drop  of  it  on  the  skin  pro- 
duces a  very  serious  and  painful  wound,  and  even  the  vapour  cau.ses 
an  intolerable  pricking  and  burning  sensation,  which  in  one  case 
Avithin  our  knowledge  was  only  relieved  by  lancing  the  finger  at  the 
place  affected. 

Moreover,  in  storing  and  using  the  anhydrous  acid  we  are  practi- 
cally limited  to  vessels  of  platinum,  since  most  of  the  lighter  and 
cheaper  metals  are  more  or  less  acted  upon  by  it.  The  anhydrous 
acid  is  said  to  have  little  or  no  action  on  dry  glass,  but  it  is  so 
extremely  hygroscopic  that  its  indifference  towards  glass  would  be  of 
doubtful  practical  benefit  in  such  a  matter  as  the  determination  of  its 
vapour-deusity. 

Hydrogen  fluoride  in  the  liquid  state  was  first  obtained  by  Fremy, 
by  heating  acid  potassium  fluoride,  a  method  also  followed  by  Gore 
(loc.  cit.),  w4io  showed  that  tlie  liquid  boiled  at  about  19°,  under 
ordinary  atmospheric  pressure.  As  this  is  still  the  most  convenient 
mode  of  preparation  for  our  purpose,  we  have  employed  it  in  much 
the  same  manner  as  adopted  by  Fremy  and  Gore. 

Preparation  of  Pure  Aqueous  Hydrofluoric  Acid. — Commercial  re- 
distilled hydrofluoric  acid  nearly  always  contains  small  quantities 
of  sulphuric  acid,  notable  quantities  of  sulphurous  acid  (from  1'5  to 
2*0  per  cent.),  and  occasionally  large  quantities  of  hydrofluosilicic 
acid.  We  found  the  best  method  of  purification  to  consist  in  adding 
to  the  crude  acid  a  stroug  solution  of  potassium  permanganate,  and 
thereafter  potash,  and  to  redistil  from  a  platinum  retort.  The  acid 
prepared  in  this  way  was  found  to  be  free  from  silica  and  sulphur 
acids,  and  to  leave  no  residue  on  evaporation. 

Preparation  of  Acid  Potassium  Fluoride. — This  salt  was  pre- 
pared either  by  adding  the  theoi'etical  quantity  of  pure  potassium 
carbonate  to  the  hydrofluoric  acid  (the  strength  of  which  had 
been  ascertained  by  titration)  in  a  large  platinum  dish  and  evaporat- 
ino-  to  dryness  ;  or  by  adding  the  theoretical  amount  of  aqueous 
acid  to  recently  ignited  potassium  fluoride.  In  the  first  method 
the  platinum  dish  was  weighed,  the  aqueous  acid  poured  into  it, 
and  the  whole  again  weighed.  The  calculated  amount  of  potassium 
carbonate  was  then   added  in  small   portions  at   a  time,  the  solution 
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evaporated,  and  tlie  whole  heated  until  the  salt  fused  to  a  thin,  clear 
liquid,  whieh  on  cooling  soliditied  to  a  white,  opaqne,  hard  mass.  It' 
a  slight  excess  of  acid  were  used,  the  solid  salt  was  less  brittle  and 
not  perfectly  o])aque.  Tlie  yield  was  in  every  case  almost  exactly 
that  required  by  theory  ;  thus,  in  one  instance,  94  grams  were  ob- 
tained instead  of  94"5  ;  in  another,  106"0  instead  of  106"8  grams. 
The  acid  fluoride  was  powdered  in  a  clean  iron  mortar  and  pi-eserv^ed 
in  a  leaden  canister.  Even  after  two  months  it  showed  no  signs  of 
having  absorbed  any  very  considerable  quantity  of  moisture  from  the 
air. 

The  normal  potassium  fluoride,  obtained  by  heating  the  acid,  salt 
to  redness,  is  highly  deliquescent.  To  convert  it  into  the  acid 
salt,  it  was  strongly  heated  in  a  weighed  platinum  dish,  quickly 
weighed  when  cold,  and  mixed  with  the  theoretical  quantity  of  pure 
hydrofluoric  acid.  The  solution  was  evaporated  to  diyness  and  the 
residue  heated  as  above  described. 

Preparation  of  the  nijdroneii  Fluoride  from  the  Acid  Potassium 
Fluoride. — The  apparatus  employed  for  this  purpose  is  seen  in  Fig.  1  ; 
it  differed  but  slightly  from  that  used  by  Gore.  The  retort,  con- 
densing tube  and  receiver  were  made  of  platinum-iridium,  the  various 

Fig.  1. 


parts  being  fitted  together  by  grinding.  The  retort  was  made  in 
two  pieces,  the  flanged  upper  part  being  connected  with  the  body  by 
a  well-fitted  joint.  The  condensing  tube  was  50  om.  long,  tapering 
from  1"6  cm.  to  0'6  cm.  in  diameter.  The  receiver  was  furnished 
with  a  carefully  ground-in  tubulated  stopper,  in  addition  to  the  solid 
one,  through  which  was  inserted  the  end  of  the  condenser  :  into  the 
tubulated  stopper  was  soldered  a  short  length  of  platinum  tube 
5    mm.  in   external    diameter :    this    was   connected    with    a    leaden 
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JJ-tube  containing  a  small  qnantitv  of  oil  of  vitriol.  The  condensing 
tube,  which  was  washed  and  ignited  before  each  experiment,  was 
fixed  into  the  condenser  by  means  of  caoutchouc  joints.  The 
condenser  was  surrounded  with  a  thick  layer  of  flannel,  and  was 
filled  with  a  mixture  of  ice  and  calcium  chloride  which  gave  an 
average  temperature  of  — 25°,  the  receiver  being  also  immersed  in  a 
similar  mixture.  After  the  receiver  and  tubulated  stopper  had  been 
fixed  to  the  condensing  tube,  the  joint  was  covered  with  a  thick  layer 
of  paraffin  to  prevent  any  condensed  moisture  from  finding  its  way 
into  the  receiver.  Before  each  preparation  of  hydrogen  fluoride, 
a  current  of  dry  air  was  aspirated  through  the  condensing  tube, 
receiver,  and  leaden  JJ-tiit)e  for  about  an  hour.  About  40  grams  of 
the  acid  potassium  fluoride,  capable  of  yielding  11'5  litres  of  hj'drogen 
fluoride  at  standard  temperature  and  pressure,  were  used  for  each 
experiment,  except  in  those  cases  where  it  was  desired  to  obtain  the 
vapour  mixed  with  air  (v.  infra).  The  acid  fluoride  was  placed  in 
the  open  retort,  melted  and  maintained  in  fusion  for  some  little  time 
to  expel  any  hygroscopic  moisture,  the  cap  placed  in  position  and  in 
connection  with  the  condenser,  and  the  distillatitm  proceeded  with. 
When  the  bottom  of  the  retort  became  red  hot,  the  source  of  heat 
was  removed,  and  the  moisture  condensed  from  the  air  on  to  the 
paraffined  stopper  was  removed  by  blotting  paper.  The  receiver  was 
detached  from  the  condensing  tube,  a  wooden  stopper  covered  with 
p'atinum  foil  {h,  fig.  2)  was   inserted  in  the  hole  of  the  tubulated 


Fig.  2. 


OF   HYDROGEN   FLUOiaDE.  1G9 

stopper,  and  the  receiver  was  couuected  witli  (he  tube  of  tlie  platinum 
vessel  in  which  the  vapour  w'as  to  be  weig-hed,  in  the  nuiiiner  sliowu 
in  Fig.  2,  tlie  dish  supporting  the  receiver  being  meanwhile  filled  with 
ice-cold  water. 

Mode  of  Determining  tlie  Vapour-density. — The  apparatus  employed 
for  this  purpose  is  seen  in  Fig.  2.  The  vessel  in  which  the  vapour 
was  weighed  was  constructed  entirely  of  platinum,  the  tubes  being 
connected  with  it  by  autogenous  soldering,  the  two  stopcocks  being- 
fastened  to  the  tubes  by  gold-solder.  The  stopcocks  (see  a,  Fig.  2) 
are  made  of  solid  platinum,  as  also  are  the  cones  which  are  ground 
into  them.  The  upper  part  of  the  stopcocks  is  made  cylindrical  in 
order  that  a  glass  cap,  b,  might  be  fitted  air-tight  upon  it  by  means 
of  a  caoutchouc  ring.  The  cones  were  most  carefully  ground  in,  and 
the  cocks  were  found  to  be  tight  even  under  considerably  reduced 
pressures  and  at  temperatures  beyond  that  at  wliich  the  vapour- 
density  of  hydrogen  fluoride  becomes  normal.*  The  cones  were 
covered  with  a  thin  film  of  vaseline  (upon  which  hydrogen  fluoride 
has  no  perceptible  action)  before  inserting  them ;  at  the  higher  tem- 
peratures, w^e  used  a  mixture  of  vaseline  and  anthi'aceue  made  by 
rubbing  the  two  substances  too-etlier  in  a  mortar. 

Three  determinations  of  the  capacity  of  the  vessel  up  to  the  stop- 
cocks, at  0°  C,  made  by  filling  it  with  distilled  water  at  a  known  tem- 
perature, gave  respectively — 

(1) 288-61  CO. 

(2) 288  54   „ 

(3) 288-65   „ 

Mean  ....      28860   „ 

Another  experiment  made  when  -the  vessel  had  been  in  use  for  some 
time,  and  when  from  the  soft  and  yielding  character  of  the  metal  it 
might  be  supposed  that  its  shape  might  possibly  have  altered,  gave 
288-57  c.c. 

Before  connecting  it  with  the  receiver  containing  the  liquid 
hydrogen  fluoride,  the  vessel  was  carefully  rinsed  with  distilled 
water  and  heated  over  a  Bunsen  flame  whilst  a  current  of  dry  air  was 
draw^n  through  it.  When  cold,  the  cones  were  lightly  touched  with 
vaseline,  the  caps  fixed  in  position,  and  the  whole  placed  in  the 
balance  case,  one  cock  being  open  in  order  to  equalise  the  pressure, 
and  weighed  after  standing  for  about  40  minutes,  the  temperature 
and  pressure  being  noted  at  the  time.  The  glass  caps  were  then 
removed,  and  a  piece  of  cardboard   was  fastened  by  wire   below  the 

*  Ovir  thanks  are  due  to  Messrs.  Jolmson,  Matthej  &  Co.,  for  the  care  with 
wliich  this  very  essential  portion  of  the  apparatus  was  constructed. 
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stopcocks  in  ordf-r  to  prevent  any  possible  splashing-  on  to  tliem  from 
the  heated  glycerol-bath  in  which  the  vessel  was  placed.  The  vessel 
was  nest  attached  to  the  clamp,  and  the  curved  glass  tube,  c,  adjusted 
so  as  to  keep  it  in  position.  It  was  now  lowered  into  the  bath  pre- 
viously heated  to  the  desired  temperature,  the  platinum  (J -tube 
containing  a  small  quantity  of  concentrated  sulphuric  acid  was  next 
attached,  from  which  was  a  long  length  of  thin  leaden  tube  leading 
to  the  draught  place.  A  current  of  dry  air  was  then  drawn  through 
the  entire  system.  The  platinum  receiver  was  next  joined  to  the 
vessel,  and  the  ice  was  removed  from  the  dish,  which  was  then  filled 
with  water  at  about  25°.  The  hj-drogen  fluoride  rapidlj  volatilised 
and  expelled  the  dry  air  from  the  vessel,  and  the  passage  of  the  air- 
bubbles  could  be  traced  by  the  slight  vibration  of  the  platinum 
M-tube.  When  the  hydrogen  fluoride  reached  the  oil  of  vitriol,  the 
liquid  became  hot,  possibly  from  the  formation   of  fluosulphonic  acid. 

As  soon  as  the  vaporisation,  which  always  took  place  at  a  tempera- 
ture not  exceeding  30°,  was  complete,  the  cocks  were  closed,  the 
\J-tube  and  receiver  were  removed,  and  the  bath  was  stirred  for  some 
little  time  to  equalise  its  temperature  throughout.  One  of  the  cocks 
was  then  momentarily  opened,  the  temperature  of  the  bath  and  the 
barometric  height  noted,  the  cardboard  removed,  the  glass  caps 
replaced,  the  vessel  withdrawn  from  the  bath  and  washed  with  dis- 
tilled water  ;  after  being  dried,  it  was  placed  in  the  balance  case,  and, 
after  standing  for  about  40  minutes,  reweighed. 

Determination  of  the  Amount  of  Residual  Air. — After  the  vessel  filled 
with  vapour  had  been  weighed,  the  caps  were  removed,  and  the  whole 
was  immersed  in  distilled  water  ;  the  cock  of  the  tube  leading  to  the 
bottom  of  the  vessel  was  then  opened  and  the  water  allowed  to  rush 
in.  The  water  in  the  bath  was  stirred,  the  temperature  noted,  and 
the  platinum  vessel  raised  until  the  open  cock  was  close  to  the 
surface,  when  the  cock  was  turned.  The  platinum  vessel  after  being 
wiped  dry  was  again  weighed. 

Reduction  of  the  Observations. — Corrections  have  been  made  in  each 
experiment  for  the  expansion  of  the  platinum  vessel,  specific  gravity 
of  Avater  weighed,  and  its  loss  of  weight  in  air.  No  corrections  have 
been  made  for  (1)  the  change  in  buoyancy  of  the  air  from  variations 
in  temperature  and  pressure  between  the  weighing  of  the  bulb  and 
air,  and  the  weighing  of  the  bulb  and  vapour  ;  (2)  the  aqueous  vapour 
in  the  air  at  the  first  weighing  ;  (3)  the  possible  solution  of  re.sidual 
air  in  the  water  used  for  absorbing  the  vapour  (as  the  distilled  water 
employed  was  probably  nearly  saturated  with  air,  this  correction  must 
be  practically  nil)  ;  (4)  the  varying  height  of  the  barometric  column 
due  to  temperature  corrections.  2  and  4  act  in  opposite  directions, 
and  nearly  eliminate  each  other  under  ordinary  conditions. 
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The  following'  is  an  example  of  <he  mode  of  calculation  : — 

Capacity  of  bulb  at  0"  =  2886  c.c. 

Weiixbt  of  1  c.c.  of  air  afc  0°  and  700  ram.  =  0'00r2928  gram. 
Cubical  expansion  of  Pt  for  1°  C.  =  0-000027. 
Tbei-mometer  in  meltina^  ice  registers  +0"5°. 

,,  at  7<)0  mm.  tension  registers  100"7°. 

Sp.  gr.  of  air  (H  =  1)  =  14-485. 

Expt.  Xo.  43  (jmder  rUminished  rresstirc). 

Wt.  of  bulb  +  caps  in  air  at  19-7°  C.   and   772  mm.  =  244-0120 

grams, 
Wt.  of  bulb  +  caps  +  vapour  (in  air  at  17-5°  C.  and  772  mm.)  = 

244-0025  grams. 
Cocks  turned  off  at  31-8°  C. 

Barometer  772-3  mm. ;  manometer  reading  =  lOG-2  mm. 
Pressure  =  772-3  —  106-2  =  6661  mm. 
Wt.  of  bulb  +  caps  +  water  at  24-3"  C.  =  528-18  grams. 

(1.)   Wt.  of  air  in  bulb  at  first  weighing — 

^  0-0012928  X  288-6  (1  +  0-<i00027  x  10-7)  772  ^  ^.^^g^ 
(1  +  0-U03665  X   19-7)  760 

(2.)  Wt.  of  bulb  +  air 244-0120  grams. 

Wt.  ofair(l) 0-3537       „ 


Wt.  of  vacuous  bulb  in  air    243-6583 

Wt.  of  bulb  +  vapour 244-0025 

Wt.  of  vacuous  bulb 243-6583 


Wt.  of  vapour  +  residual  air 03442       ,, 

(3.)   Cocks  were  closed  at  31-8°  and  666- 1  mm. 

Volume  of  vapour  +  residual  air  at  0°  and  760  mm. — 

_  288-6  (1  +  0-000027  x  31-8)  666-1  _  205.69 
(1  +  0-003665  X  31-8)  760 

(4.)   Residual  air — 

Wt.  of  bulb  +  water  at  24-3" 528-18  grams. 

Wt.  of  bulb  +  air  at  19- 7°  and  772  mm.     244-01       „ 


(Residual  air  about  3-G  c.c.  =  0-005). .      284-17 
Approximate  weight  of  dissolved  HF  .  0-34 


Wt.  of  H,0  -  wt.  of  same  vol.  of  air. .      283-83 
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283-83 

Sp.  gr.  H2O  at  •24"3°  —  sp.  gr.  air  at  19"7°  and  772  lum. 
=  284-95  c.c.  water  at  24-3°. 

Residual  air  at  0°  and  760  mm. — 

^  {288-6  (1  +  0-000027  x  24-3)  -  284-95}  772  ^  g.^g  ^ 
(1  +  0-0U3666  X  24-3)  760  ^'°' 

3-58  X  0-0012928  =  0-0046  gram. 

Per  cent,  residual  air  = —  =  1-58  per  cent. 

226-69  ^ 

Per  cent,  vapour  =  98-42  per  cent. 

Actual  pressure  of  vapour  =  606  x  0-9842  =  655  mm. 

(-5.) 

(2)  "  Wt.  of  vapour  +  air  ... .      0-3442  gram. 

(4)  Wt.  of  air 0-0046      „ 

Wt.  of  vapour 0-3396 

(3)  Vol.  of  vapour  -f  air  ....      226-69  c.c. 

(4)  Vol.  of  air 3-58    „ 

Vol.  of  vapour 223-11     ,, 

^-°- (^- =  1)  =  2WSi29r8  =  "■' 

^•■°-  (2=1)=  223-11  ^0^000089578  =  '''' 

Mol.  wt.  =  1-177  X  28-87  =  33-99. 

A  series  of  experiments  was  made  in  this  manner  at  tempei'ntures 
varying  between  26-4°,  that  is,  about  7°  above  the  boiling  point  of 
liquid  hydrogen  fluoride  under  ordinary  atmospheric  pressure,  and 
88-1°.     The  results  are  shown  in  Table  I. 

Table  I. — Shoiving  Vapour-density  of  Uydrogen  Fluoride  at  Tempera- 
tures varying  betiveen  26-4^  and  88-1°. 

Tbeoretical  vapour-density. 

Air  =1.  H  =  1. 

H3F3  2-0781  30  0 

H,F2. 1-3854  20-0 

HF 0-6927  10-0 
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No. 
of 

Temp. 

°C. 

Barometer 
at  time 

Per  cent, 
of  residual 

Pressure 
of 

V.-D. 
air  =  1. 

Y.-D. 
H  =  1. 

Mol.  wt. 

expt. 

of  espt. 

air. 

vapour. 

2 

26-4 

756 

1-51 

7J5 

1-773 

25-59 

51  -18 

21 

27-8 

763 

2-23 

746 

1-712 

24-71 

49  -42 

7 

29-2 

762 

1-55 

750 

1-578 

22-77 

45-54 

19 

32  0 

754-5 

1-52 

743 

1-377 

19-87 

39-74 

4 

33  1 

770-5 

2-64 

750 

1-321 

19  06 

38-12 

5 

33-8 

767 

1-14 

758 

1-270 

18-33 

36  -66 

18 

36-3 

751 

1-58 

739 

1-115 

16  10 

32-20 

8 

38-7 

764 

1-69 

751 

1-021 

14-73 

29-46 

9 

39-2 

759 

2-08 

743 

1-002 

14-47 

28-94 

10 

42-8 

767-5 

3-42 

741 

0-910 

13-13 

26-26 

11 

47-3 

766 

2-76 

745 

0-823 

11-88 

23-76 

12 

57-5 

760 

1-36 

750 

0-737 

10-64       21-28 

13 

69-4 

764 

2-37 

746 

0-726 

10-48        20-96 

16 

88-1 

753-5 

1-65 

741 

0-713 

10-29        20-58 

These  observations  are  graphically  represented  in  Fig.  3  (p.  174). 
Strictly  speaking,  they  ought  to  be  reduced  to  a  common  pressure ; 
they  may,  however,  be  considered,  without  sensible  error,  as  referred 
to  the  average  pressure  of  746  mm.* 

A  glance  at  the  numbers,  and  more  especially  at  the  curve,  at 
once  shows  that  the  process  of  dissociation  of  the  vapour  of  hydrogen 
fluoride  is  a  perfectly  continuous  one,  and  that  there  is  no  direct 
evidence  of  the  existence  of  a  molecule  corresponding  to  the  formula 
H2F0.  If  such  a  molecule  exists,  it  must  be  formed  only  during  the 
process  of  transition  of  H^F^  molecules,  and  be  such  that  it  can 
persist  under  given  circumstances  only  in  the  presence  of  definite 
proportions  of  molecules  more  and  less  complex  than  itself.  The 
density  at  about  32"  corresponds  apparently  with  HjFj,  but  the  curve 
gives  no  indication  of  any  condition  of  statical  equilibrium  in  the 
neighbourhood  of  this  temperature  such  as  would  be  manifest  if  such 

*  Influoice  of  possible  errors  of  obserration  upon  the  result. 

Expt.  19.     Y.-D.  1-377  at  320°  C.  and  743  mm. 
Difference  of  1  mm.  in  all  the  barometric  readings  affects  the  result  by  0-0005. 
Difference  of  1  mm.  in  the  reading  of  the  barometer,  at  time  of  turning  off  cock, 

by  0-0017. 
Difference  of  1° C.  in  reading  temperature  of  bath,  by  0004. 
Difference  of  O'OOl  gram  in  the  weighings  by  0003. 

Expt.  42.     Y.-D.  0-789  at  323°  C.  and  353  mm.  (diminished  pressure). 
Difference  of  1  mm.  in  reading  of  manometer,  by  0002. 
Difference  of  1°  C.  in  reading  temperature  of  bath,  by  0003. 
Difference  of  O'OOl  gi-ani  in  the  weighings,  by  0007. 
VOL.  LV.  O 
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Pig.  3. — Vapour-density  of  Hydrogen  Fluoride  at  varying  Temperatures. 
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a  molecule  were  capable  of  iuclepeiident  existence.  At  temperatures 
below  this  point,  tlie  vapour-density  gradually  increases  in  a  regular 
manner  until  at  26'4°,  the  lowest  temperature  observed,  the  vapour- 
density  becomes  1'773,  equivalent  to  a  molecular  weight  of  51"2 
(HsFs  =  GO)  ;  as  it  is  heated,  the  vapour  behaves  like  a  mixture  of  a 
complex  molecale  H^Fj,  or  of  H^F^-  and  H^F^  molecules,  with  a 
gTadually  increasing  number  of  molecules  of  HF,  the  process  of  dis- 
sociation being  perfectly  continuous  until  the  temperature  increases 
to  about  60°,  when  the  density  becomes  approximately  normal,  that 
is,  corresponds  to  a  vapour  consisting  wholly  of  HF  molecules. 

On  comparing  Mallet's  values  vfith  those  obtained  by  us,  it  will  be 
seen  that  his  numbers  lie  very  nearly  upon  the  curve  above  given. 
As  it  happens,  the  pressure  at  which  his  observations  were  made  is 
almost  exactly  the  mean  pressure  in  our  experiments.  Mallet's  num- 
bers reduced  to  air  as  unity  are  I'espectively  1"459  at  29°  and  1'363 
at  30"5°.  These  values  are  indicated  by  the  small  circles  on  the 
diagram.  The  divergences  from  our  curve  are  such  as  n\ight  be 
caused  by  a  difference  of  about  1°  C.  in  the  temperature  of  the 
vapour,  and  as  Mallet  employed  upwards  of  4|  litres  of  vapour — 
whereas  the  volume  in  our  experiments  was  less  than  300  c.c,  such 
a  difference  might  well  exist,  especially  when  we  bear  in  mind  that  v 
considerable  amount  of  heat  must  be  absorbed  in  the  conversion  of 
the  complex  molecules  into  the  more  simple  ones.  Moreover,  it  must 
not  be  forgotten,  as  Willard  Gibbs  has  already  pointed  out,  that  when 
the  density  varies  rapidly  with  the  temperature,  determinations  of 
density  for  the  same  temperature  and  pressure  by  different  observei's, 
or  different  determinations  by  the  same  observer,  exhibit  discordances 
which  are   of  an  entirely  diffei^ent  order   of  magnitude  fronl  those 
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which  occur  with  substances  of  normal  or  constant  densities,  or  whicli 
occur  with  the  same  substance  at  temperatures  at  wliich  the  density 
approaches  a  constant  value.  In  any  case,  the  variation  is  sufficient!}- 
small  to  show  that  the  material  of  the  vessel  has  no  very  sensible 
influence  on  the  result,  and  that  there  is  no  tendency  to  occlusion  or 
condensation  on  the  platinum.  This  fact  is  of  some  importance, 
since  Konowaloff  {Ber.,  17,  1361,  and  18,  2808)  has  offered  some 
experimental  evidence  to  show  that  in  the  case  of  the  tertiary  amyl 
acetate  and  chloride,  normal  propyl  and  isopropyl  bromides,  formic 
acid  and  other  substances,  the  nature  of  the  vessel  exerts  a  very  con- 
siderable influence  on  the  rate  and  extent  of  the  dissociative  change, 
due  possibly  to  the  effect  of  surface-tension  (compare,  however, 
V.  Meyer  and  Pond,  Ber.,  18,  1623). 

Dissociation-curves  are  of  two  kinds.  The  first  type  is  that  ex- 
hibited by  the  well-known  case  of  amylene  hydrobromide,  in  which 
the  densit}'"  of  the  vapour  remains  constant  within  certain  limits  of 
temperature,  and  then  begins  to  decrease  as  the  temperature  rises, 
at  first  slowly,  then  more  rapidly,  and  then  again  slowly,  until  at  a 
certain  temperature  the  vapour-density  once  more  became  constant, 
and  in  this  special  case  the  final  constant  value  is  exactly  half  of  the 
initial  constant  value. 

This  particular  character  of  the  change  has  been  noticed  in  many 
instances,  but  it  has  only  been  carefully  studied  in  comparatively  few, 
the  best  known  of  whicli  is  nitrogen  peroxide.  In  that  case,  the 
process  of  decomposition  is  generally  regarded  as  the  resolution  of 
NoOj  mols.  into  molecules  of  NOo ;  and  on  this  assumption  the  per- 
centage decomposition  at  each  particular  stage  of  temperature  can  be 
calculated  on  the  basis  of  Avogadro's  hypothesis.  A  curve  showing 
the  increase  of  dissociation  for  a  given  increment  in  temperature  is 
perfectly  symmetrical :  it  gradually  rises  to  a  maximum,  and  then  as 
gradually  descends  to  a  minimum.  E.  and  L.  l!^atanson  (Wiedemann, 
Ann.  Phys.  Chem.,  24,  454)  have  determined  the  relation  of  the 
specific  heats  at  constant  pressure  and  at  constant  volume  of  nitrogen 
peroxide  at  different  stages  of  the  dissociative  change  by  Kundt's 
method,  with  the  object  of  obtaining  evidence  as  to  the  molecular 
constitution  of  the  gas  at  different  temperatures ;  and  the  result  of 
this  work  tends  to  .show  that  the  change  consists  in  the  transforma- 
tion of  N2O4  molecules  into  1^02,  and  that  it  is  not,  as  Deville 
declared,  and  as  Berthelot,  Troost,  and  Lemoine  still  maintain,  de- 
pendent upon  any  variation  from  the  laws  of  Boyle  and  Gay-Lussac, 
exhibited  by  the  vapour.  Further  evidence  that  nitrogen  peroxide  is 
actually  1^204,  even  in  the  liquid  state,  is  afforded  by  the  experiments 
by  Raoult's  method  of  Professors  Ramsay  and  Young  (Trans.,  1888, 
622).  ■  They  have  shown  that  the  depression  in  the  melting  point  of 
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acetic  acid  by  the  addition  of  nitrogen  peroxide  corresponds  to  a 
molecular  weight  of  92,  and  hence,  therefore,  to  the  formula  N204 
(see  also  Ramsay  and  Young,  Phil.  Mag.,  Feb.,  1887). 

Now,  when  we  apply  these  considerations  to  the  case  of  hydrogen 
fluoride,  we  are  met  with  the  difficulty  that  we  have  no  knowledge  of 
the  molecular  constitution  of  the  vapour  below  the  temperature  at 
which  the  density  becomes  normal.  It  is  obvious  that  the  change 
cannot  be  solely  attributed  to  a  resolution  of  H2F2  molecules  inta 
HF  molecules.  Nor,  unless  there  is  a  turning  point  in  the  curve  at 
temperatures  below  25°,  analogous  to  that  observed  in  the  case  of 
aniylene  hydrobromide,  can  we  definitely  conclude  that  the  molecule 
at  the  lower  temperatures  is  H3F3.  The  existence  of  the  acid  fluoride, 
KF,HF,  which  has  been  written  KF — FH,  has  been  held  to  justify 
the  supposition  that  HF — FH  also  exists.  But  Moissan  (Compt.  rend., 
106,  647 — 549)-  has  shown  that  hydrofluorides  of  potassium  fluoride 
of  the  formulae  KF,2HF  and  KF,8HF  may  be  obtained,  and  these 
may  equally  be  held  to  justify  the  supposition  that  the  molecules 
H4F4  and  H3F3  also  exist.  The  former  compound  is  stable  only  at 
low  temperatures ;  the  latter  may  be  heated  to  its  liquefying  point, 
viz.,  105°,  without  decomposition.  These  compounds  are  strictly 
analogous  to  the  hydrochlorides  of  chlorides  of  gold,  platinum, 
mercury,  and  cadmium,  and  to  the  hydrochlorides  of  zinc  chloride, 
ZnCl2,HCl  and  (ZnCl2)2,HCl,  described  by  Engel  {Ann.  GUm.  Phijs. 
[6],  1887,  10,  424).  But  the  existence  of  these  substances  has  not 
usually  been  regarded  as  justifying  the  polyvalent  character  of  chlo- 
rine. Hence,  therefore,  the  argument  as  to  the  bivalent  or,  indeed, 
polyvalent  character  of  fluorine  seenas  to  us  to  be  inconclusive. 

It  would  have  been  interesting,  no  doubt,  to  have  made  determina- 
tions at  temperatures  even  closer  to  the  boiling  point  than  we  have 
actually  done,  but  the  experimental  difficulties  in  the  way  of  such 
determinations  are  very  considerable  ;  a  very  slight  reduction  in  the 
temperature  of  such  parts  of  the  apparatus  as  were  necessarily  out- 
side the  bath  might  at  temperatures  so  near  the  condensing  point  of 
the  hydrogen  fluoride,  occasion  very  serious  errors.  They  might,  in 
fact,  have  occasioned  an  apparent  turning  point  in  the  curve  when  no 
such  discontinuity  in  reality  existed. 

Extrapolation  is  of  course  always  hazardous  ;  but  if  the  direction 
of  the  curve  of  vapour-density  (Fig.  3)  be  prolonged  from  25°  to  19° 
— that  is,  to  the  boiling  point  of  the  hydrogen  fluoride,  the  calcu- 
lated molecular  weight  of  the  vapour  at  the  latter  temperature  ap- 
proximates to  a  value  between  H4F4  and  H3F3.  Now,  assuming 
Naumann's  theory  of  dissociation  to  be  valid,  it  may  be  worth  while 
to  trace  the  dissociative  change,  on  the  supposition  that  it  consists 
of  the  resolution  of  either  H4F4  or  H3F3  molecules  into  HF  molecules. 
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The  following  table  shows  the  observed  density  of  the  liydrogen 
fluoride  at  the  various  temperatures  ;  the  percentage  decomposition 
of  the  H4F4  and  H3F3  molecules  at  that  temperature  calculated   by 

D  — D' 

the  well-known  formula ,  and  the  mean  increase  of  dissocia- 

(w  — 1)U 

tion  for  1°  C.  over  intervals  of  above  5°  up  to  the  temperature  42*8°, 

and  thereafter  over  the  intervals  of  the  individual  experiments. 


Table  II. 


Percentage  decomposition. 

Mean  increase  for  1°  C. 

°c. 

Density. 

H4F4. 

H3F3. 

H4F4. 

H3F3. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

26-4 

1-773 

18-7G 

8-60 

— 

— 

27-8 

1-712 

20-63 

10-69 

— 



29-2 

1-578 

25-20 

15-84 

2-30 

2-60 

32  0 

1-377 

33-75 

25-45 

— 



331 

1-321 

36-59 

28-65 

— 



33-8 

1-270 

39-41 

31-81 

3-09 

3-47 

36-3 

1-115 

49-52 

43  19 

— 



58-7 

1  -021 

57-14 

51-77 

3-62 

4-07 

39-2 

1-002 

58-86 

53-71 

— 



42-8 

0-910 

68-17 

64-19 

2-70 

3  03 

47-3 

0-823 

78-91 

76-25 

2-39 

2-68 

57-5 

0-737 

91-98 

90-97 

1-28 

1-44 

69-4 

0-726 

93-91 

93  11 

0-16 

0-18 

88-1 

0-713 

96-23 

95-72 

0-12 

0-14 

The  main  result  of  this  table  is  to  bring  out  the  fact  that,  as  in  the 
case  of  nitrogen  peroxide,  the  increase  of  dissociation  becomes  greater 
and  greater  as  the  temperature  increases,  until  it  obtains  its  maxi- 
mum when  about  50  per  cent,  of  the  heavier  molecules  have  been 
decomposed,  after  which  the  increase  becomes  gradually  smaller,  at 
first  slowly,  and  then  rapidly.  The  curves  showing  the  mean  in- 
crease(Fig.  4,  p.  178)resemble,  in  fact,  that  given  by  Naumann(T/iermo- 
■chemie,  1882,  1171)  in  order  to  represent  the  increase  in  the  rate  of 
dissociation  of  nitrogen  peroxide,  but  with  this  very  marked  dif- 
ference, that  the  mean  increase  for  1°  C.  in  the  case  of  hydrogen 
fluoride  is  at  its  maximum  nearly  three  times  as  great  as  that  of 
nitrogen  peroxide. 

But  the  general  character  of  the  dissociation-curve  of  hydrogen 
fluoride  (Fig.  3)  more  nearly  resembles  that  of  the  second  type.  It 
has,  indeed,  the  closest  analogy  to  the  dissociation-curve  of  acetic 
acid,  except  that  in  the  case  of  hydrogen  fluoride  the  process  of  mole- 
cular breakinsT  down  is  effected  over  a  much  shorter  interval  of  tem- 
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Fig.  4. — CuiTes  showing  mean  amount  of  dissociation  for  1°  C.  at  varying  tempera- 
tures, and  at  760  mm.  pressure. 


80^  90° 


pei'ature.  As  to  the  nature  of  the  molecular  groupings  in  acetic  acid 
vapour  below  '250°,  at  which  temperature  the  density  first  appears, 
under  ordinary  atmospheric  pressures,  to  correspond  with  C2H4O2,  we 
have  no  more  knowledge  than  in  the  case  of  hydrogen  fluoride.  All 
we  know  is  that  at  the  lower  temperature  the  density  approximates  to 
a  molecular  weight  corresponding  with  C4H6O4  and  Horstmann 
{Annalen,  Suppl.  6,  63)  has  suggested  that  the  existence  of  the  acid 
potassium  acetate,  KC4H7O4  or  C2H402,C2H3K02,  may  be  held  to  indi- 
cate that  such  a  duplication  of  the  ordinary  molecule  in  the  gaseous 
state  can  take  place,  exactly  as  the  existence  of  the  acid  potassium 
fluoride,  KF,rH,  has  been  regarded  as  evidence  of  the  existence  of 
H2F2.  It  must,  however,  be  admitted  that  the  argument  has  no 
greater  weight  in  the  one  instance  than  in  the  other  (see,  however, 
Ramsay  and  Toung,  loc.  cit.}. 

It  is  well  known  that  in  all  these  cases  the  extent  of  the  dissocia- 
tion corresponding  to  any  given  temperature  is  greatly  augmented  by 
reduction  of  pressure.  We  have  accordingly  made  a  series  of  observa- 
tions of  the  vapour-density  of  hydrogen  fluoride  at  a  given  tempera- 
ture under  varying  pressures.  The  apparatus  we  have  employed  for 
this  purpose  is  seen  in  Fig.  5. 

The  platinum  vessel,  after  having  been  filled  with  hydrogen 
fluoride  in  the  manner  already  described,  was  attached  by  means  of  a 
short  length  of  narrow  leaden  tubing  a  to  the  glass  tube  b  which,  in 
its  turn,  was  connected  with  the  manometer  c,  and  the  exhausting 
syringe  d.  The  glass  tube  was  provided  with  a  stopcock,  and 
between  the  end  of  the  tube  and  the  syringe  were  two  U -tubes  filled 
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witli  sofla-liine.  The  various  parts  of  the  glass,  as  also  the  rubber 
corks  and  joints,  were  carefully  coated  with  paraffin.  The  glycerol 
bath  having  been  brought  to  the  constant  temperature,  and  maintained 
at  that  point  for  some  time,  the  exhausting  syringe  was  worked  until 
the  mercury  in  the  manometer  stood  at  some  little  distance  above  the 
desired  pressure,  when  the  glass  stopcock  e  was  closed  and  the  stop- 
cock of  the  platinum  apparatus  cautiously  opened ;  the  alternate 
opening  and  closing  and  occasional  woi'king  of  the  syringe  being 
repeated  until  the  desired  reduction  of  pressure  was  effected.  Re- 
peated observation  showed  that  the  molecular  breaking  down  of  the 
enclosed  hydrogen  fluoride  is  not  absolutely  instantaneous ;  but  great 
care  was  taken  to  ensut'e  that  the  volume  of  the  hydrogen  fluoride 
showed  no  further  alteration ;  in  all  cases  both  temperature  and 
pressure  became  eventually  constant,  and  remained  so  for  some  time 
before  the  final  readings  on  the  attached  millimetre  scale /and  ther- 
mometer t  were  taken.  The  apparatus  was  then  weighed,  and  the 
amount  of  the  residual  air  determined  in  the  manner  already  described. 
The  results  are  seen  in  Table  111  (p.  180). 

These  results  are  graphically  represented  in  Fig.  7,  p.  182. 

It  will  be  at  once  evident  why  the  particular  temperature  of  about 
32°  was  selected.  It  is  at  this  point  that  the  vapoui-  of  hydrogen 
fluoride  is  supposed  to  consist  wholly  of  II2F2  molecules.  It  will  be 
seen,  however,  that  the  slightest  alteration  of  pressure  at  this  tem- 
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Table  III. — Shoiving    Vapour-density    of   Hydrogen    Fluoride    binder 
varying  Pressures  and  at  a  constant  Temperature  (31  "8 — 32'5"). 


No.  of 

°C. 

Mano- 

Per cent, 
of  residual 

Partial 

V.-D. 

V.-D. 

Mol.  wt. 

expt. 

meter. 

air. 

pressure. 

Air  =  1. 

H  =  1. 

19. .  . . 

32-0 

754-5 

1-52 

743 

1-377 

19-87 

39-74 

44. .  . . 

32-2 

703-0 

2-35 

G86 

1-239 

17-89 

35-78 

43.... 

31-8 

666-0 

1-58 

655 

1-177 

16-99 

33-98 

41.... 

32-0 

613-0 

1-68 

603 

1-068 

15-41 

30-82 

40.... 

32-5 

570-0 

4-45 

545 

0-963 

13-89 

27-78 

39.... 

32-3 

511  0 

2-45 

498 

0-920 

13-27 

26-54 

45. .  . . 

31-9 

371-0 

4-65 

354 

0-797 

11-50 

23-00 

42.... 

32-3 

372-0 

5-21 

353 

0-789 

11-39 

22-78 

perature  at  once  disturbs  the  ultimate  proportion  of  the  complex  to 
the  simpler  molecules  in  the  gaseous  mixture,  and  accordingly  there 
is  here  no  evidence  of  the  existence  of  a  stable  molecule  correspond- 
ing to  H2F2. 

The  reduction  of  the  actual  pressure  maj,  however,  be  effected  by- 
diluting  the  hydrogen  fluoride  -with  an  indifferent  gas,  as,  for  example, 
dry  air.  We  have  accordingly  made  a  series  of  experiments  at  a 
constant  temperature   (about  32°)  and  at  atmospheric  pressure,  by 
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dilating  the  hydrogen  fluoride  with  air,  weighing  the  mixture,  and 
determining  the  amount  of  admixed  air  in  the  manner  already 
described.  The  platinum  vessel  was  first  filled  with  hydrogen  fluoride 
in  the  usual  manner,  and  air,  dried  by  long  contact  with  oil  of  vitriol, 
was  passed  into  the  apparatus  from  the  graduated  reservoii-  (Fig.  6). 
It  was  of  course  necessary  to  pass  a  greater  quantity  of  air  into  the 
platinum  vessel  than  was  ultimately  found  there.  After  passing  the 
air  into  the  bulb,  the  (J -tube  and  air  resei'voir  were  removed  and  the 
bath  kept  at  the  constant  temperature  for  about  half  an  hour  before 
finally  equalising  the  pressure  in  the  bulb.  In  determining  the 
residual  air,  the  vessel  was  left  under  water  for  at  least  30  minutes, 
the  cock  being  occasionally  turned  off  and  the  vessel  briskly  shaken. 

The  numerical  details  of  this  series  of  experiments  are  given  in 
Table  IV. 


Table  IV. — Shoioing  the  Vapour-density  of  Ilydrogeti  Fluoride  at  about 
32°  when  onixed  with  varying  Quantities  of  Air. 


No.  of 
expt. 

Temp. 

Barometer 
at  time 
of  expt. 

Per  cent. 

of  residual 

air. 

Partial 

pressure 

of  vapour. 

V.-D. 
Air  =  1. 

V.-D. 
H  =  l. 

Mol. 
wt. 

19 

32-0 

754-5 

1-52 

743 

1-377 

19-87 

39-74 

6 

31-7 

757-5 

4-57 

723 

1-309 

18-90 

37-80 

23 

31-8 

765-0 

6-94 

712 

1-290 

18-62 

37-24 

3 

32-5 

772-0 

12-59 

675 

1-182 

17-05 

34-10 

24 

31-7 

7G9-0 

20-59 

Oil 

1-102 

15-91 

31-82 

27 

31-7 

762-0 

24-62 

574 

1-035 

14-94 

29-88 

29 

31-7 

750-0 

28-15 

539 

0  -967 

13-96 

27-92 

31 

31-6 

762-0 

39-25 

463 

0-854 

12-32 

24-64 

30 

31-0 

744-0 

49-58 

375 

0-785 

11-33 

22-66 

A  graphical  representation  of  these  results  is  seen  in  Fig.  7.  The 
temperature  of  about  32°  was  selected  with  the  view  of  seeing  if  the 
intervention  of  the  air  particles  made  any  difference  in  the  amount  of 
dissociation.  The  character  of  the  curve  representing  the  decrease 
in  density  by  direct  diminution  of  pressure — that  is,  by  the  use  of 
the  exhausting  syringe,  is  identical  with  that  given  by  mixing  the 
vapour  with  air.  The  results  given  in  Table  III  are  indicated  in 
Fig.  7  by  the  crosses  :  it  will  be  seen  that  they  lie  practically  on  the 
curve.  Hence  it  would  appear  that  the  intervention  of  the  air  particles 
has  no  effect  on  the  extent  of  the  ultimate  molecular  breaking  down 
of  the  hydrogen  fluoride  molecules  corresponding  to  a  particular 
diminution  of  pressure.  The  presence  of  the  air  may  alter  the  rate 
of  the  dissociation,  but  it  would  seem  to  have  no  appreciable  influence 
on  its  amount. 
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Fig.  7. — Results  obtained   with    Diminished  Pressures  at  Temperatures  between 

31 -5°  and  32 -5°  C. 

Results  marked   x   diminution  of  pressure  obtained  directly. 
Results  marked  .  by  mixing  vapour  with  air. 
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We  have  tliouglit  it  would  be  of  interest  to  trace  the  dissociative 
change  consequent  on  reduction  of  pressure  at  another  temperature, 
and  we  have  accordingly  made  a  series  of  experiments  at  a  tempera- 
i-ure  of  about  42" 5°  with  gradually  increasing  quantities  of  admixed 
air.     The  results  are  seen  in  Table  V. 


Table  V. — Shotving  the  Vapour-density  of  Hydrogen  Fhioride  at  about 
42'5°  when  mixed  with  varying  Quantities  of  Air. 


No.  of 
expt. 

Temp. 

"C. 

Baro- 
meter. 

Per  cent. 

of  residual 

air. 

Partial 
pressure. 

V.-D. 
Air  =  1. 

V.-D. 
H  =  1. 

Mol. 
wt. 

10 

42-8 

767-5 

3-42 

741 

0-910 

13  13 

26-26 

37 

42-1 

759-0 

5-39 

718 

0-877 

12-65 

25-30 

35 

42-2 

773-0 

17-18 

640 

0-814 

11-74 

23-48 

36 

42-2 

770-0 

18-01 

631 

0-813 

11-73 

23-46 

34 

42-0 

770-0 

21-98 

601 

0-802 

11-57 

23-14 

32 

42-0 

765-0 

22-96 

589 

0-784 

11-32 

22-64 

38 

42-4 

750-0 

42-07 

434 

0-745 

10-75 

21-50 

33 

42-5 

762-0 

51-38 

370 

0-704 

10-16 

20-32 

Fig.  8  gives  a  graphical  representation  of  the  change ;  as  might  be 
expected,  the  decrease  in  density  for  a  given  alteration  in  pi-essure  is 
much  less  at  42-5°  than  at  32°,  and  the  curve  in  the  former  case  more 
nearly  approximates  to  a  straight  line. 
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Fig.  8. — Results  obtained  by  mixing  the  Vapour  witli  Air  at  Temperatures  between 

42 -0°  and  42- 8"  C. 
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Formulae  connecting  the  vapour-density  of  a  dissociable  gas  -with 
its  temperature  and  pressure,  based  on  tliermodynamical  considera- 
tions, have  been  constructed  independently  by  Willard  Gibbs  (Amor. 
J.,  Sci.,  1879;  Chem.  News,  1879,  222),  Boltzmann  (Wied.  Ann.,  22, 
39),  and  J.  J.  Thomson  ("Applications  of  Dynamics  to  Physics  and 
Chemistry,"  MacmiUans,  200).  These  fonnulae  have  hitherto  had 
reference  to  the  cases  of  substances  like  nitrogen  peroxide,  acetic  acid, 
and  formic  acid,  where  a  molecule  of  the  substance  in  the  initial  state 
is  held  to  dissociate  into  two  molecules  of  the  same  kind,  or  into  two 
molecules  occupying  the  same  volume.  In  the  case  of  hydrogen 
fluoride,  the  changing  system  is  probably  more  complex,  and  if  we 
assume  the  initial  state  to  correspond  with  H4F4,  we  may  have 
mixtures  of  molecules  of  all  intermediate  values  down  to  HF.  In 
such  cases,  the  mathematical  expressions  in  their  original  form  are  no 
longer  applicable. 

The  formula — 


logD,='(D  -  DO  _ 


i5^(4D, 

-W     "      " 

in  which 

Di    =            0-693 
A    ==      2178-1047 
B'   =     -729-7222 
C     =  108409-9 

=  -  A"  -  B'  log  t  + 


C 


reproduces  the  values  in  Series  I  with  an  average  error  of  from  0-01 
to  0"02,  but  in  the  cases  of  Series  IV  the  values  obtained  from  the 
equation  are  much  further  from  those  of  observation. 

It  has  already  been  stated  that  a  prolongation  of  the  curve  in 
Fig.  3  from  25°  to  19°  leads  to  an  approximation  to  the  value  H4F4  as 
the  molecular  weight  of  hydrogen  fluoride  at  the  point  of  liquefaction. 
Now,  bearing  in  mind  the  analogies  between  water  and  hydrogen 
fluoride  already  noticed,  it  is  worth  pointing  out  that  this 
determination  of  the  weight  of  the  physical  molecule  of  hydrogen 
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fluoride  agrees  with  Raoult's  estimation  of  the  probable  value  of  the 
physical  molecule  of  liquid  water  obtained  by  experiments  on  the 
influence  of  soluble  substances  in  lowering  its  raelting  point  (Ann. 
Chem.  Phys.  [6],  292). 

Possibly  a  direct  determination  of  the  molecular  weight  of  liquid 
hydrogen  fluoride  might  be  made  on  the  principle  of  Raoult's  method 
if  an  appropriate  solvent  could  be  found,  together  with  a  form  of 
apparatus  in  which  the  use  of  glass  was  obviated.  At  present,  how- 
ever, we  have  no  hope  of  being  able  to  make  such  determinations. 


XXV. — Decomposition  of  Potassic  Chlorate  hy  Heat  in  the  presence  of 
Manganic  Peroxide. 

By  Herbert  McLeod,  F.R.S. 

The  familiar  process  of  preparing  oxygen  by  heating  a  mixture 
of  potassic  chlorate  and  manganic  peroxide,  first  described  by 
Dobereiner  in  1832  (Ati^ialen,  1,  236 — 237),  has  been  investigated  by 
many  chemists  in  the  endeavour  to  trace  the  cause  of  the  very  ready 
decomposition  of  the  chlorate ;  the  matter,  however,  seems  to  be  still 
rather  obscure,  and  the  experiments  described  in  this  note  were  un- 
dertaken in  the  hope  of  farther  elucidating  the  subject. 

Many  years  ago  it  struck  me  that  the  physical  condition  of  the 
manganic  peroxide  was  changed  by  heating  with  the  chlorate,  and  I 
made  a  few  experiments  on  the  subject,  but  without  any  satisfactory 
result. 

During  the  last  three  months  a  series  of  experiments  has  been 
made  with  various  kinds  of  peroxide  of  manganese,  and  there  is  no 
doubt  about  the  change  of  the  peroxide. 

The  temperature  employed  has  usually  been  that  of  boiling 
mercury,  and  the  experiments  have  been  carried  out  in  the  simplest 
•way.  A  test-tube  was  weighed  and  about  a  gram  of  powdered 
potassic  chlorate  (which  had  been  once  recrystallised  from  water, 
powdered,  and  dried  in  a  water-oven)  and  about  1/lOth  of  its  weight 
of  manganic  peroxide  were  introduced.  The  test-tube,  attached  by 
a  bent  tube  and  corks  to  a  JJ-tube  containing  a  solution  of  potassic 
iodide,  was  then  placed  into  a  wider  test-tube,  containing  a  small 
quantity  of  mercury,  and  the  latter  heated  until  the  vapour  of  the 
mercury  rose  some  distance  above  the  mixture  in  the  interior  tube. 
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Potassic  chlorate  undergoes  no  perceptible  decomposition  at  tlie 
temperature  of  boiling  mercuiy  ;  the  powder,  however,  cakes  together, 
and  when  the  experiment  is  observed  under  the  microscope  there  is 
an  appearance  of  incipient  fusion.  In  one  experiment  (I)  (see  Table, 
p.  193)  r7107  grams  of  potassic  chlorate  was  heated  in  mercury 
vapour  for  an  hour  and  lost  O'OOIS  gram,  or  O'lOo  per  cent.  In 
another  case  (XVII),  1"4402  gram  of  the  chlorate  w^as  heated  for 
10  hours  and  the  loss  was  0"0024,  or  0'167  per  cent.  This  experiment 
was  done  under  the  microscope,  and  there  were  signs  of  fusion  in 
15  minutes  after  the  heating  commenced.  The  loss  in  weight  was 
probably  due  to  the  presence  of  a  small  quantity  of  water. 

The  oxide  of  manganese  used  was  obtained  from  vai'ious  sources. 
Some,  called  "  crystalline,"  obtained  from  Messrs.  Hopkin  and 
Williams,  was  in  fragments  of  a  crystalline  structure ;  this  was 
broken  up  in  a  mortar  and  levigated,  the  very  fine  particles  being 
rejected.  The  rest  "was  dried  and  sifted,  the  portion  which  remained 
between  sieves  with  apertures  of  0*19  and  0*16  mm.  was  jkejat  and 
called  "  granular  oxide  ;  "  it  contains  a  small  quantity  of  iron. 

Some  manganic  peroxide  was  prepared  by  adding  a  solution  of 
bleaching  powder  to  a  solution  of  manganous  chloride,  the  precipitate 
was  collected  and  washed,  and  afterwards  boiled  in  acetic  acid  to 
remove  any  calcic  carbonate  present.  It  was  then  washed,  dried,  and 
heated  for  some  time  in  a  test-tube  surrounded  with  mercury  vapour. 
The  compound  was  found  from  its  loss  on  ignition  to  be  MnjOg. 

A  specimen  of  crystalline  pyrolusite  was  used  in  some  experiments. 
This  was  powdered  and  levigated,  and  the  coarser  portions  employed. 

I  am  indebted  to  Mr.  V.  H.  Veley  for  two  specimens  of  manganic 
peroxide,  one  of  which  was  precipitated  by  the  action  of  chlorine 
on  pure  manganous  acetate  (Trans.,  1880,  37,  581).  Mr.  Veley 
attributes  to  this  compound  the  formula  MueOu  +  a;OH.,.  When  dried, 
first  in  the  water-oven  and  afterwards  in  the  vapour  of  boiling 
mercury,  it  lost  7'182  per  cent.  The  other  specimen  was  a  piece  of 
finely  crystallised  pyrolusite  from  Windsor,  Nova  Scotia  ;  it  contains 
a  trace  of  iron. 

The  first  experiment  (II)  was  made  with  1*0276  grams  of  potassic 
chlorate  mixed  with  0'1015  gram  of  "gi-anular  peroxide."  The 
test-tube  Avas  heated  in  a  beaker  of  mercury.  At  13°  below  the  tem- 
perature at  which  the  mercury  boiled,  gas  came  off  slowly,  but  at 
the  boiling  point  the  evolution  was  rapid.  The  solution  of  potassic 
iodide  was  coloured,  and  on  titration  with  sodic  thiosulphate  it  was 
found  that  the  amount  of  chlorine  which  had  been  evolved  was 
0"0375  per  cent,  of  the  quantity  of  chlorate  employed.  The  loss  of 
weight  of  the  test-tube  and  contents  was  0*3975  gram,  or  38'682  per 
cent,  of  the  chlorate  used.     Taking  39,  35'37  and  1596  as  the  atomic 
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weights  of  potassium,  chlorine,  and  oxygen  respectively,  the  per- 
centage of  oxygen  in  potassic  chlorate  is  39'166.  The  residue  in  the 
test-tube  was  extracted  with  water  and  filtered  through  a  weighed 
filter,  the  manganic  peroxide  was  now  in  a  very  fine  state  of  division 
and  weighed  01007  gram,  or  99"211  per  cent,  of  the  quantity 
taken. 

In  the  next  experiment  (111),  the  mixture  was  heated  in  the  vapour 
of  mercury ;  the  mixture  suddenly  softened  and  swelled  up,  and  gas 
was  evolved  so  rapidly  that  some  of  the  potassic  iodide  solution  was 
projected  from  the  \J  -tube,  and  white  fumes  were  seen.  Doubtless 
some  of  the  mixture  was  carried  over  mechanically.  The  loss  of 
weight  was  39'145  per  cent.,  the  quantity  of  chlorine  0"0283  per  cent., 
and  the  manganic  peroxide  recovered  98'5  per  cent. 

"When  the  mixture  of  potassic  chlorate  and  granular  peroxide  was 
heated  by  a  gas  flame,  the  evolution  of  oxygen  was  more  violent,  and 
some  of  the  mixture  was  carried  over  by  the  gas.  In  one  experi- 
ment (V),  the  loss  was  39'380  per  cent.,  and  the  peroxide  recovered 
was  only  97'294'  per  cent.  In  this  case  more  chlorine  was  evolved, 
being  0'047  per  cent,  of  the  chlorate  taken. 

With  the  specimens  of  pyi^olusite,  the  action  was  not  so  rapid,  and 
less  chlorine  was  evolved  (VI,  Vll,  and  VIII). 

With  precipitated  peroxide,  the  action  is  much  more  violent,  the 
action  being  completed  in  about  five  minutes.  There  was  usually  a  loss 
of  solid  matter  from  the  tube,  and  more  chlorine  was  evolved  (IX,  X, 
and  XI). 

It  has  been  stated  that  the  manganic  peroxide  loses  its  power  of 
decomposing  potassic  chlorate,  and  therefore  cannot  be  used  over  and 
over  again  (E.  O.  Brown,  quoted  by  Baudrimont,*  J.  Chevi.  Soc,  1871, 
24,  1151).  To  test  this,  a  quantity  of  granular  peroxide  rather  finer 
than  that  used  in  the  previous  experiments  was  heated  in  a  test-tube 
with  .potassic  chlorate  over  a  gas  flame,  the  mass  washed  with  water, 
and  the  insoluble  residue  dried.  This  operation  was  repeated  nine  times, 
and  the  washed  and  dried  oxide  was  heated  with  potassic  chlorate  in 
the  vapour  of  mercury.  In  this  case  (XII) ,  the  quantity  of  peroxide  was 
onlv  6"8  per  cent,  of  the  amount  of  chlorate,  and  yet  the  action  was 

*  This  paper  appeared  in  the  Journal  de  Pharmacie  et  de  Chimie  [4],  14, 84 — -94, 
161 — 177.  (In  the  Journal  of  the  Chemical  Societif  it  is  quoted  from  J.  pr.  Chem., 
which  is  obviously  an  error.)  In  the  original,  it  is  not  stated  that  Brown  had 
asserted  that  the  oxide  was  exhausted  by  use,  and  in  the  same  toI.  of  the  Journ. 
Pharm.,  p.  22,  there  is  a  report  on  the  preparation  of  oxygen  by  Coulier,  Limousin, 
J.  Regnauld,  Jungfleisch,  and  Baudrimont,  in  which  it  is  stated  on  p.  77  that  the 
oxide  does  not  lose  its  activity  by  previous  use.  I  did  not  see  these  papers  until  the 
work  was  nearly  completed ;  I  would  strongly  recommend  them  to  the  attention 
of  all  chemists  working  on  this  subject. 
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very  violent,  and  complete  in  two  minutes.  The  loss  was  39121  per 
cent,  and  the  amount  of  chlorine  0"045  per  cent.  The  peroxide  was 
entirely  changed  in  appearance,  and  was  brown  instead  of  black. 
This  shows  that  the  pei-oxide  cannot  be  exhausted  by  use,  and  the 
change  of  character  seems  to  indicate  that  the  peroxide  had  entered 
into  chemical  action  and  had  been  reproduced. 

It  will  be  noticed  that  in  all  these  experiments  an  appreciable 
quantity  of  chlorine  is  evolved  together  with  the  oxygen.  This 
evolution  of  chlorine  is  well  known  and  has  been  frequently  described. 
The  questions  arise,  what  is  the  source  of  this  chlorine  ?  and  is  its 
evolution  a  necessary  accompaniment  of  the  action  of  the  manganic 
peroxide  on  the  potassic  chlorate  ? 

The  specimen  of  precipitated  manganic  peroxide  Avhich  gave  the 
largest  quantity  of  chlorine  was  prepared  from  manganous  chloride 
by  the  action  of  solution  of  bleaching  powder,  and  when  it  was  first 
prepared  it  contained  a  small  quantity  of  chlorine.  After  having 
been  heated  in  the  vapour  of  mercury,  however,  this  chlorine  was 
eliminated.  If  all  the  chlorine  evolved  in  Experiment  IX  had  come 
from  the  manganic  peroxide,  the  latter  would  have  contained  nearly 
2^  per  cent,  of  it. 

When  sodic  chloride  is  heated  in  a  test-tube  with  manganic  per- 
oxide over  a  gas  flame,  a  very  perceptible  quantity  of  chlorine  is 
evolved.  A  small  quantity  is  also  liberated  when  the  mixture  is 
heated  to  the  boiling  point  of  mercury,  so  perhaps  it  is  more  a 
matter  of  surprise  that  so  little  chlorine  is  present  in  the  oxygen 
obtained  from  potassic  chlorate  and  peroxide  of  manganese  than  that 
any  should  be  produced. 

To  see  if  the  addition  of  a  body  that  would  prevent  the  evolution 
of  chlorine  would  affect  the  liberation  of  the  oxygen,  two  experiments 
were  made,  in  one  of  which  (XIII)  about  half  a  per  cent,  of  sodic 
carbonate  was  added  to  the  mixture.  At  the  boiling  point  of 
mercury,  less  than  6  per  cent,  of  oxygen  was  evolved  in  half  an 
hour.  On  heating  over  a  gas  flame,  the  action  was  not  rapid  and 
the  fused  mass  appeared  greenish ;  and  on  cooling,  a  small  quantity 
of  permanganate  was  observed.  In  the  other  experiment  (XIV), 
about  the  same  quantity  of  potassic  carbonate  was  used ;  about 
8  per  cent,  of  oxygen  was  evolved  at  the  boiling  point  of  mercury, 
and  more  than  the  theoretical  loss  was  observed  after  heating  with 
a  gas  flame ;  tbis  was  probably  due  to  loss  when  the  test-tube 
melted. 

As  a  considerable  quantity  of  the  manganic  peroxide  did  not 
seem  to  be  broken  up  when  heated  with  the  chlorate,  some  experi- 
ments were  made  to  see  if  a  much  smaller  quantity  of  the  peroxide 
was  capable  of  effecting  the  complete  decomposition  of  the  salt.     In 
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Experiment  XV  less  than  1  per  cent,  of  the  peroxide  was  used,  and 
although  the  gas  was  evolved  very  slowly  (the  heating  being  con- 
tinued for  5  hours  and  20  minutes),  yet  ultimately  almost  the 
theoretical  quantity  of  oxygen  was  liberated. 

A  still  smaller  quantity  of  peroxide  also  affects  the  chlorate,  but 
much  more  slowly  ;  in  Experiment  XVI  only  O'l  per  cent,  was  used, 
and  after  22  hours  40  minutes  6*289  per  cent,  of  oxygen  had  been 
evolved.  An  accident  prevented  the  experiment  being  carried 
farther. 

In  those  experiments  in  which  the  quantity  of  pei'oxide  is  very 
small,  the  white  ;chlorate  covers  the  granules  and  only  a  few  black 
specks  are  visible.  When  such  a  mixture  is  heated,  it  is  very  curious 
to  observe  the  formation  and  growth  of  grey  spots  starting  from  the 
granules,  these  spots  increasing  until  the  whole  mass  is  uniformly 
grey.  It  seemed  to  be  interesting  to  study  the  course  of  this  change, 
and  for  this  purpose  a  small  quantity  of  potassic  chlorate  was  placed 
in  a  test-tube  with  a  single  granule  of  the  peroxide.  The  test-tube 
was  inserted  in  a  wider  tube  with  some  asbestos  at  the  bottom,  and 
the  bulb  of  a  thermometer  was  placed  close  to  the  bottom  of  the  inner 
test-tube.  A  microscope  with  a  4-inch  objective  was  arranged  horizon- 
tally so  that  the  granule  of  peroxide  could  be  watched,  the  light  from 
a  gas  flame  being  condensed  on  the  object  by  a  lens.  The  bottom  of 
the  outer  tube  was  heated  by  a  gas  flame  ;  and  when  the  temperature 
reached  350°  or  thereabouts  there  were  signs  of  fusion  around  the 
granule  of  peroxide,  and  the  black  mass  appeared  to  glisten  as  if 
wetted  or  attacked ;  as  it  was  not  possible  to  maintain  the  tempera- 
ture very  constant,  it  was  allowed  to  rise  until  the  chlorate  was  all 
fused,  when  the  peroxide  was  found  to  be  broken  up  into  minute 
fragments,  each  of  which  was  a  nucleus  from  which  gas  bubbles 
rose.  On  cooling,  the  fused  mass  had  a  distinct  pink  tinge  as  if  per- 
manganate had  been  formed  ;  the  colour  could  not  have  been  due  to 
potassic  ferrate,  for  the  tint  produced  by  this  compound  is  quite 
different. 

In  another  experiment  (XVII),  to  which  reference  has  previously 
been  made,  1*4402  grams  of  chlorate  were  heated  for  10  hours  in  the 
vapour  of  mercury  before  the  microscope ;  the  loss  was  only  0'167  per 
cent.  A  fragment  of  granular  peroxide  weighing  0'0002  gram  or 
0"014  per  cent,  was  then  introduced  and  the  heating  recommenced. 
Minute  particles  soon  became  detached  from  the  fragment,  and  the 
chlorate  fused  and  flowed  down  in  a  stream  between  the  glass  and  the 
rest  of  the  salt,  carrying  the  particles  with  it.  The  tube  was  allowed 
to  cool  and  examined,  and  the  mass  was  found  to  present  the  appear- 
ance so  often  observed ;  the  grey  stain  having  spread  for  some 
distance  from  the  granule.     The  heating  was  continued  for  4r^  hours, 
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and  some  of  the  chlorate  fused.     The  loss  was  0847  per  cent.     On 
cooling  the  mass  was  pink. 

In  Experiment  XVIII,  a  brilliant  crystal  of  pyrolusite  from 
Windsor,  Nova  Scotia,  was  placed  in  a  test-tube  containing  powdered 
potassic  chlorate.  This  was  heated  in  the  vapour  of  mercury  before 
the  microscope.  The  salt  soon  fused  in  contact  with  the  crystal,  and 
an  action  was  seen  to  take  place  on  the  surface  of  the  latter.  The 
crystal  afterwards  broke  up  into  fine  needle-shaped  fragments,  and  in 
55  minutes  the  whole  of  the  salt  was  fused.  After  cooling,  the  mass 
was  pink. 

The  evolution  of  chlorine  during  the  action  of  manganic  peroxide 
on  potassic  chlorate,  and  also  the  pink  colour  which  is  seen  when  the 
manganese  compound  is  used  in  small  quantities,  seem  to  indicate  that 
the  formation  of  a  permanganate  may  have  something  to  do  with  the 
rapid  evolution  of  oxygen  ;  tliis  has  often  been  suspected  by  chemists. 
Some  experiments  were  instituted  to  endeavour  to  prove  this  pre- 
sumption. 

An  experiment  (XIX)  was  made  to  determine  the  temperature  at 
which  the  potassic  permanganate  is  decomposed.  Some  crystals  of 
air-drjed  permanganate  were  powdered  and  heated  in  mercury.  Gas 
began  to  come  off  at  250°,  and  the  evolution  was  rapid  at  260° ;  at 
275°  the  decomposition  ceased.  The  mass  in  the  test-tube  had  not 
fused,  but  it  was  almost  black,  and  when  water  was  added  a  deep- 
green  solution  was  produced.  The  loss  on  heating  was  11'176  per 
cent.  In  two  other  experiments  the  loss  was  I2"14  and  I2'136  per 
cent,  respectively. 

It  is  usually  stated  in  text-books  that  potassic  permanganate  is 
decomposed  by  heat  into  potassic  manganate,  manganic  pei-oxide,  and 
oxygen,  thus  :— KjMn.Og  =  K.MnOj  +  MnOo  -j-  Oo.  Taking  the 
atomic  weight  of  manganese  at  55,  this  would  involve  a  loss  of  10'126  per 
cent,  of  oxygen.  The  loss  of  1I'176  per  cent,  more  nearly  agi^ees  with 
the  equation  lOKsMnjOs  =  lOKoMnOi  +  2Mn509  +  IIO..  The  quan- 
tity required  by  this  change  is  ll"139per  cent.  The  loss  12*14  agrees 
nearly  with  the  equation  5K2Mn208  =  5K2Mn04  +  MnjOg  +  6O2, 
which  requires  12"15  per  cent.  Too  much  reliance  must  not  be  placed 
on  these  results,  as  no  endeavour  was  made  to  obtain  pure  perman- 
ganate ;  the  specimen  used  was  a  well-crystallised  sample  of  the  com- 
mercial salt. 

Several  experiments  were  made  to  try  the  effect  of  the  presence  of 
different  quantities  of  potassic  permanganate  on  the  decomposition  of 
potassic  chlorate  in  contact  with  manganic  peroxide.  In  XX,  XXI, 
XXII,  and  XXIII  the  percentage  of  permanganate  to  the  chlorate 
was  0-151,  0"201,  0'449,  and  0"491  respectively,  and  it  will  be  seen 
that  as  the  permanganate  increased  the  quantity  of  chlorine  evolved 
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dimimslied,  none  wliatever  being  liberated  in  the  last  case.  In  the 
first,  where  the  very  small  percentage  of  permanganate  was  used,  the 
quantit}'-  of  chloi-ine  is  notably  less  than  in  other  cases  where  chlorate 
and  the  granular  peroxide  were  heated  together  (II,  III,  IV,  and  V). 
The  presence  of  the  permanganate,  however,  very  perceptibly  dimi- 
nished the  rate  of  decomposition  of  the  chlorate. 

When  the  percentage  of  permanganate  was  raised  to  2"3  (XXIV), 
the  time  was  still  further  prolonged,  so  that  in  1  hour  50  minutes 
little  more  than  two-thirds  of  the  chlorate  was  decomposed.  The 
residue,  after  heating,  contained  manganate. 

A  mixture  of  nearly  equal  quantities  of  potassic  chlorate  and 
potassic  permanganate  was  heated  in  mercury  (XXV),  the  perman- 
ganate underwent  its  usual  decomposition,  there  being  II"468  percent, 
of  its  weight  of  gas  evolved  below  275°.  On  again  heating  in  mercury, 
gas  came  oS  freely  at  350°,  and  quickly  at  356°.  The  mass  was 
caked  but  not  fused  ;  on  farther  heating  in  the  vapour  of  mercury  for 
35  minutes,  very  little  more  gas  was  evolved.  Almost  the  whole  of 
the  oxygen  of  the  chlorate  was  liberated.  On  adding  water  to  the 
residue,  the  solution  was  green. 

Another  similar  mixture  (XXVI)  was  heated  in  mercury  vaponr. 
Gas  at  first  came  off  rapidly  and  then  diminished  in  quantity ;  it 
subsequently  came  off  very  rapidly,  and  some  solid  w^as  carried  over 
mechanically ;  the  decomposition  was  completed  in  10  minutes.  The 
residue  was  not  fused,  and  was  found  to  contain  manganate.  The 
loss  was  0"2425  gram,  whereas  the  quantity  of  oxygen  that  might  be 
expected  from  the  pei-mauganate  and  chlorate  is  0'2404 ;  the  excess  of 
loss  was  probably  due  to  the  solid  that  was  carried  over. 

These  experiments  would  seem  to  indicate  that  potassic  manganate 
will  not  assist  the  decomposition  of  the  chlorate,  and  that  when  the 
mixture  of  chlorate  and  pei-manganate  is  heated,  the  former  is  decom- 
posed by  the  oxide  of  manganese  liberated  during  the  decomposition 
of  the  latter. 

When  potassic  chlorate  is  fused  with  a  very  small  quantity  of  man- 
ganic peroxide,  a  pink  colour  is  observed  in  the  mass  on  cooling,  as 
before  stated.  When  this  pink  mass  is  fused  over  a  flame,  oxygen  is 
evolved,  but  the  colour  persists  until  nearly  all  the  chlorate  is  decom- 
posed ;  it  then  becomes  greenish,  and  when  farther  heated  the  fused 
I'esidue  of  chloride  has  a  brownish  appearance.  If  the  pink  colour  is 
due  to  permanganate,  as  seems  most  probable,  it  would  appear  to 
indicate  that  the  permanganate  is  being  continually  reproduced  as 
rapidly  as  it  is  decomposed  by  the  heat,  for  the  above  Experiments 
XXI  to  XXVI  prove  that  permanganate  is  decomposed  in  the 
presence  of  potassic  chlorate.  When  the  peroxide  is  used  in  large 
quantities,  the  piuk  colour  is  masked   by  the  black  oxide,  although 
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it  cau  hardly  be  doubted  that  it  is  really  formed.  This  observation 
seems  to  supply  the  key  to  the  question. 

At  first  sight,  it  appears  impossible  that  a  compound  can  be  formed 
at  a  temperature  at  which  it  is  decomposed,  but  we  have  a  somewhat 
analogous  case  with  ammonia,  which  is  decomposed  by  electric  sparks, 
and  yet  when  sparks  are  passed  through  a  mixture  of  hydrogen  and 
nitrogen,  small  quantities  of  ammonia  are  formed. 

It  has  been  stated  by  H.  JST.  Warren  (Chein.  News,  58,  247)  that  when 
potassic  chlorate  and  manganic  peroxide  are  heated  in  an  iron  tube 
and  the  residue  extracted  with  water,  the  solution  is  alkaline.  I  have 
often  tested  the  solutions  obtained  from  the  residues  after  heating:  in 
test-tubes,  but  have  never  been  able  to  recognise  the  faintest  trace  of 
alkalinity ;  the  same  result  was  found  with  the  residue  after  heating 
in  a  platinum  crucible ;  but  if  the  residue  had  been  strongly  ignited, 
the  solution  was  alkaline. 

It  has  been  shown  by  Eccles  (/.  Chem.  Soc,  29,  857)  that  potassic 
perchlorate  is  not  formed  when  potassic  chlorate  and  manganic  per- 
oxide are  heated  together;  and  I  have  found  that  when  perchlorate  is 
heated  with  the  peroxide  to  the  temperature  of  boiling  mercury  it  does 
not  lose  oxygen.  To  the  residue  some  potassic  chlorate  was  added  and 
the  mixture  again  heated,  when  nearly  the  theoretical  quantity  of  the 
oxygen  from  the  chlorate  alone  was  evolved.  This  observation  entirely 
confirms  that  of  Eccles. 

If  the  manganic  peroxide  undergoes  a  chemical  change,  first  enter- 
ing into  combination  and  then  being  reproduced,  it  seemed  to  be  of 
interest  to  try  the  effect  of  one  of  the  other  oxides  of  manganese,  for 
if  this  acted  similarly  it  might  be  expected  that  after  the  action  it 
would  be  found  to  have  been  changed  into  the  peroxide. 

Some  precipitated  manganic  peroxide  was  heated  in  a  platinum 
crucible  to  dull  redness  and  weighed.  It  was  then  ignited  for  45 
minutes,  by  which  it  is  said  to  be  converted  into  Mna04.  Some  of  it 
was  mixed  with  potassic  chlorate  and  heated  in  the  vapour  of  mercury 
(XXVII).  The  mass  fused  and  the  chlorate  was  entirely  decomposed 
although  very  slowly ;  very  little  chlorine  was  evolved.  The  in- 
soluble residue  was  a  little  heavier  than  the  oxide  taken,  amounting  to 
100-929  per  cent. 

Another  quantity  of  the  ignited  oxide  was  heated  in  a  mufiie  for  two 
hours,  when  it  lost  1'304  per  cent.  Some  of  this  oxide  was  mixed 
with  the  chlorate  and  heated  for  three  hours  in  the  vapour  of  mercury 
(XXVIII).  No  chlorine  was  evolved,  but  the  chlorate  evolved  nearly 
the  whole  of  its  oxygen.  The  oxide  recovered  was  98*071  per  cent,  of 
that  used.  If  the  oxide  had  been  entirely  transformed  into  MnOs 
about  114  per  cent,  should  have  been  collected.  In  a  note  to  the 
Report  of  Messrs.  Coulier,  &c.,  above  quoted,  it  is  said,  on  p.  27,  that 
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MU3O4  is  no  less  active  than  ]Mn02.  Baudrimont  (lor.  cif.,  p.  163) 
states  that  Mn304  acts  more  feebly  than  MnOa. 

It  may  be  the  fact  that  only  a  very  small  portion  of  the  manganic 
peroxide  is  converted  into  another  compound,  the  remaining  portions 
merely  acting  as  nuclei  for  the  liberation  of  gas.  It  is  noticeable  that 
in  the  test-tubes  in  which  the  mixture  of  potassic  chlorate  and  the 
peroxide  is  heated,  a  deposit  of  very  fine  powder  is  always  observed  on 
the  glass  which  has  been  in  contact  with  the  mixture.  This  adheres 
firmlv  and  is  not  removed  by  merely  washing  with  water.  Probably 
this  represents  some  of  the  peroxide  w-hich  has  been  reproduced. 

Two  experiments  were  made  with  a  mixture  of  chlorate  and  plati- 
num-black (XXIX  and  XXX),  to  see  if  a  substance  which  might  be 
expected  to  be  chemically  inert  would  assist  in  the  decomposition  of 
the  chlorate,  the  particles  acting  merely  as  nuclei ;  in  the  first, 
19' 345  per  cent,  of  gas  was  evolved  in  one  hour,  and  in  the  other  the 
mixture  was  heated  for  9f  hours  with  two  interruptions ;  when  weigh- 
ings were  made,  28"111  per  cent,  of  oxygen  was  evolved,  so  that  the 
chlorate  was  far  from  being  entirely  decomposed.  The  most  remark- 
able result  was  the  evolution  of  about  0"02  per  cent,  of  chlorine,  so 
possibly  a  platinate  or  platinite  was  formed  and  immediately  decom- 
posed ;  the  chlorine,  hoAvever,  may  be  due  to  insufficient  washing  of 
the  platinum-black,  which  was  made  by  reducing  platinic  chloride  by 
sodic  formate. 

From  the  foregoing  experiments,  the  mechanism  of  the  action  of 
manganic  peroxide  on  the  potassic  chlorate,  under  the  influence  of 
heat,  seems  to  be  something  of  the  following  kind : — Firstly,  the 
peroxide  acts  on  the  chlorate  forming  permanganate,  chlorine, 
and  oxygen.  2Mn02  +  2KCIO3  =  K.Mn.Os  -^  CI2  +  O2.  Chlorine 
is  certainly  evolved  as  soon  as  the  action  commences.  The  per- 
manganate then  undergoes  decomposition  by  the  heat,  producing 
manganate,  an  oxide  of  manganese  and  oxygen ;  for  simplicity  we 
may  use  the  ordinary  equation  KoMuoOg  =  K2jVIn04  +  Mn02  +  O2. 
The  third  stage  is  not  quite  so  clear ;  it  is  very  improbable  that  the 
manganate  is  transformed  into  permanganate  by  the  oxygen  from  the 
chlorate,  for  in  Experiments  XXTV  and  XXVI,  in  which  permanga- 
nate and  chlorate  were  heated  together,  manganate  remained  in  the 
residue.  It  is  more  likely  that  the  manganate  is  acted  on  by  more 
chlorine  produced  by  the  action  of  the  peroxide  on  fresh  chlorate, 
thus,  KsMnOi  -I-  CI2  =  2KC1  +  MnO.  +  O..  I  have  found  that  when 
chlorine  is  passed  into  the  residue  obtained  by  heating  j^otassic  per- 
manganate, the  residue  being  heated  in  the  vapour  of  mercury, 
chlorine  is  absorbed  and  oxygen  evolved.  In  this  case,  however,  the 
action  proceeds  further,  for  not  only  is  the  potassium  transformed  into 
chloride  but  much  of  the  manganese  is  also  converted  into  chloride. 
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If  this  took  place  ib  the  preparation  of  oxygen,  the  solution  obtained 
by  extracting  the  residue  with  water  would  contain  manganese,  wliich 
is  not  the  case.  Moreover,  manganous  chloride  cannot  exist  at  a  high 
temperature  in  the  presence  of  potassic  chlorate,  for  it  is  immediately 
transformed  into  an  oxide  with  evolution  of  chlorine.  If  the  chlorine, 
which  might  be  produced  by  the  action  of  the  peroxide  directl}-  on 
the  chlorate,  is  thus  absorbed  by  the  manganate,  it  fully  explains  the 
very  small  quantity  of  chlorine  that  is  evolved,  for  in  the  case  in 
which  the  largest  proportion  was  found  (IX),  when  precipitated 
peroxide  was  used,  it  corresponds  to  only  6  per  cent,  of  the  peroxide 
present,  and  as  the  action  in  this  case  was  of  a  very  violent  character 
it  is  not  impi'obable  that  much  of  the  chlorine  was  due  to  the  sub- 
sequent action  of  the  peroxitle  on  the  potassic  chloride.  In  the 
experiment  in  which  granular  oxide  was  used  and  the  mixture  heated 
over  a  gas  flame  (V),  the  quantity  of  chlorine  corresponds  to  little 
more  than  1  per  cent,  of  the  peroxide. 

The  table  (p.  191,  et  seq.)  contains  the  details  of  the  experiments 
referred  to  in  the  paper ;  they  are  not,  however,  given  in  the  order  in 
which  they  were  actually  made. 


XXVI. —  Contrihutions  to  the  Chemistrij  of  Lignificatiun.     Constitution 
of  the  Jute  Fibre-substance. 

By  C.  F.   Cross  and  E.  J.   Bevan. 

Since  the  publication  of  earlier  papers  on  this  subject  (Trans.,  1882, 
90 ;  1883,  18)  we  have  continued  to  jDrosecute  our  researches  in 
various  directions,  certain  of  which  have  led  to  results  from  which 
more  positive  conclusions  may  be  drawn  as  to  the  molecular  constitu- 
tion of  this  group  of  compound  celluloses.  Of  these  we  proceed  to 
give  a  short  account.  The  investigations  have  been,  for  the  most 
part,  confined  to  the  jute-fibre,  than  which  we  have  found  no  better 
representative  of  the  group  of  lignified  celluloses.  With  regard  to  the 
term  lignocellulose,  we  should,  perhaps,  explain  at  this  point,  that  it 
recommends  itself  as  being  a  sufficient  description,  without  contain- 
ing any  suggestion  as  to  the  nature  of  the  process  by  which  they  are 
formed,  and  which  we  do  not  think,  speaking  from  the  chemical  point 
of  view,  is  by  any  means  completely  elucidated. 

Although  from  its  nature  the  jute-fibre  is  an  aggregate,  it  exhibits, 
notwithstanding,  the  constancy  in  composition   and  properties  which 
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denote  a  chemical  individual.  The  simplest  expression  of  its  elemen- 
tary composition  is  the  empirical  formula  Ci2Hig09(C  =  47*0,  H  =  6'0» 
0  =  47'0)  ;  whilst  its  proximate  resolution  into  cellulose  (78 — 80  per 
cent.)  and  non-celhdose  (20 — 22  per  cent.),  may  be  represented  by  the 
formula  SCeHioOsjCeHeOa.  For  the  moment,  -sve  advance  this  as  a 
statistical  rather  than  a  molecular  expression,  leaving  it  to  the  experi- 
mental evidence  to  be  adduced  to  show  in  what  degree  it  is  established 
in  the  latter  and  more  definite  aspect.  We  shall  show,  in  the  first 
instance,  that  the  more  oxidisable  constituents  of  the  jute-fibre,  to 
which  is  applied  the  neutral  term  non-cellulose,  are  compounds,  or 
a  compound  characterised  by  an  atomic  ratio,*  approximating  to 
Co  :  He  :  O3,  and  associated  with  the  cellulose  in  chemical  rather  than 
mechanical  union. 

The  intimate  nature  of  this  union  is  slxown  first  in  its  resistance  to 
the  action  of  all.  simple  hydrolytic  agents.  The  alkalis  in  aqueous 
solution,  the  dilute  mineral  acids,  such  as  have  neither  oxidising 
nor  reducing  properties,  attack  the  fibre  in  proportion  to  temperature 
and  duration  of  action.  The  result  is  a  solution  of  the  fibre  sub- 
stance, in  quantity  from  1  to  30  per  cent,  of  its  weight,  according  to 
the  conditions,  but  without  producing  any  essential  chemical  change 
in  the  insoluble  residue  (Trans.,  1882,  100).  In  illustration  of  this 
point,  we  cite  here  the  results  of  the  "  mercerising  "  treatment  (TFaf^s's 
Dictionary,  New  Edition,  "  Cellulose  "),  as  applied  to  the  jute-fibre. 


Sohition. 

Temp. 

Loss  of 
weight. 

Time. 

Percentage  cellulosef  in 
product. 

1  per  cent.  NaOH  . . 

boiling 

7  per  cent. 

10  mins. 

79-1     77-8    78-7 

33         „             „       .. 

18'' 

7-9 

1  hour 

78-5     78-7       — 

33         „              „        .. 

18 

9-6 

48  hom-s 

79  -1       —        — 

33         „              „       .. 

18 

14-3 

7  davs 

78-9      —        — 

33        .„             „       .. 

18 

14-8 

14     „ 

78-7      —        — 

33         „             „       .. 

80 

13-2 

1  hour 

78-5     79-8      — 

50         .,          KOH.. 

18 

14-2 

7  clays 

79-9      —        — 

The  structural  changes  attending  the  action  are  profound,  as  they 
are  in  the  case  of  cotton.  The  individual  fibrils  increase  in  thickness 
at  the  expense  of  length  to  the  almost  entire  obliteration  of  the 
central  canal ;  at  the  same  time  the  union  of  the  fibrils  into  bundles 
is  more  or  less  completely  resolved,  and  the  splitting  up  of  the 
bundles  is  accompanied  by  the  development  of  a  wavy  outline.     So 

*  The  empirical  formula  actually  deduced  from  the  experimental  results  giren 
in  this  paper  is  C^gHgoOa;  (see  pp.  207  and  213). 

t  The  cellulose  in  these  determinations  serves  as  a  constant  to  which  to  refer 
possible  variations  of  the  non-cellulose. 
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tliat,  -vvitli  the  increased  softness,  the  increased  fibre  has  an  external 
resemblance  to  wool.  This  increased  softness  is  to  be  noted  as  a 
distinction  from  the  pectic  fibres  or  pecto-cclluloses,  which  are  hardened 
by  such  treatment.  Reverting  to  the  chemical  features  of  these 
hydrolytic  changes,  the  product  does  not  differ  in  any  essential  point 
from  the  original  fibre  ;  the  aggregate  composition  (C,H,0),  the  pro- 
portion of  cellulose  to  non-cellulose,  and  the  characteristic  properties 
of  the  latter  persist  unchanged. 

The  structural  changes  determined  by  the  dilute  acids,  on  the 
other  hand,  are  opposite  in  character.  The  fibre  substance  surviving 
undissolved  is  converted  into  a  hard  friable  modification,  fracture 
taking  place  across  the  fibre  bundles  which  are  not  resolved  by  the 
treatment.  But  the  chemical  featui-e  of  resistance  of  the  combined 
molecule  to  hydrolytic  resolution  is  equally  characteristic  in  relation 
to  this  group  of  reagents. 

The  dissolution  of  the  fibre  substance  in  the  ammonio-copper 
reagent,  when  carried  out  fractionally,  also  fails  to  resolve  the  com- 
pound molecule  in  question.  In  short,  the  fibre-substance  is  to  be 
regarded  as  an  aggregate,  only  in  the  sense  that  some  portions  (or 
molecules)  are  more  susceptible  of  hydration  than  others,  and 
although  these  may  be  attacked  and  dissolved  wholly  or  in  part  by 
hydrolytic  agents,  they  are  not  decomposed,  but  preserve  intact  their 
essential  characteristics,  which  are  those  of  the  original  fibre-sub- 
stance. 

The  force  of  this  conclusion  is  not  diminished  by  the  consideration 
of  the  resolutions  effected  by  hydrolytic  agents  other  than  those 
above  mentioned,  or  by  these  agents  under  extreme  conditions  of 
temperature.  Thus,  dilute  nitric  acid  at  60°,  sulphurous  acid 
(7  per  cent,  solution)  at  90 — 100°,  and  the  aqueous  alkalis  at  high 
temperatures,  resolve  it  into  cellulose  and  non-cellulose  (soluble),  at 
the  same  time  attacking  the  cellulose  more  or  less.  But  in  these  cases 
other  conditions,  whether  of  oxidation,  reduction,  or  dehydration 
(condensation),  are  superadded,  and  our  conclusion  as  to  resistance 
of  the  lignocellulose  molecule  to  simple  hydrolysis,  is  unaffected  by 
the  results. 

Secondhj.  In  those  reactions  of  the  fibre  substance  which  depend 
on  its  alcoholic  characteristics  (OH-groups),  its  molecular  homo- 
geneity is  equally  manifest.  We  give  the  statistics  of  the  conversion 
of  the  lignocellulose  into  nitrates  under  varying  conditions. 

(a.)  Nitrating  acid:  mixture  of  equal  volumes  of  nitric  acid 
(sp.  gr.  1'43)  and  sulphuric  acid  (sp.gr.  I'S).     Temp.  IS''. 
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Duration  of  Yield  per 

exposure.  100  pts.  fibre. 

1  min.  125-2 

2  mins.  129-2 

3  „  140-0 

4  „  149-0 

15  „  146-0  secondary  actions  with,  con- 

16  hours  131-0       version    into    soluble  pro- 

ducts. 

(h.)  Nitrating  acids:  I.  As  in  (a).  II.  Nitric  acid  of  1-5  sp.  gr., 
1  vol.  ;  sulphuric  acid,  sp.  gr.  1-8,  1  vol.  III.  Nitric  acid  of  1-5  sp. 
gr.,  1  vol. ;  faming  sulphuric  acid,  0*75  vol. 

In  addition  to  the  raw  fibre  (A),  the  modification  resulting  from 
the  action  of  hot  dilute  hydrochloric  acid  (B)  was  included. 

Duration  of  exposure  in  all  cases  30  minutes  at  18°. 

Results :  yield  of  nitrate  per  100  parts  diy  fibre  : — 

I. 

A 144-4 

B  143-8 

A  reaction  according  to  the  equation  CnHigOg  +  3HNO3  =  3H2O  + 
Ci2Hi506(N03)3,  is  equivalent  to  a  gain  in  weight  of  44  per  cent. :  the 
conversion  into  the  tetranitrate,  58  per  cent.  Tlie  formation  of  the 
latter  appears,  therefore,  to  be  the  limit  of  nitration  of  the  jute-fibre ; 
in  other  words,  if  we  represent  the  lignocellulose  molecule  by  a  C12 
formula,  it  "will  contain  four  alcoholic  OH-groups,  or  two  less  than 
cellulose  similarly  represented. 

To  confirm  the  composition  of  these  products  and  the  equations 
above  given,  the  specimen  TIIA  was  analysed  by  Eder's  method 
(Ber.,  13,  169),  with  the  following  result: — 

0-453  gram  gave  82-0  c.c.  NO  at  19°  and  770  mm. ;  whence — 


II. 

III. 

153-3 

154-4 

152-8 

152-7 

N  10-5  per  cent      Calc  I  C.H,A(N03)3       9-5  p 

N....      iOo  pel  cent.     Laic.  |  ^^^^^  ^^.^ 


c. 


These  nitrates  resemble  those  of  cellulose  in  all  essential  points. 
There  is  no  evidence  of  any  resolution  of  the  molecule  attending  its 
combination  with  the  acid  I'adicle  ;  the  product  is  a  nitrate  of  the 
lignocellulose,  which  again  manifests  itself  as  a  chemical  individual. 

But,  as  we  have  previously  pointed  out  (^loc.  cit.),  the  most  charac- 
teristic reaction  of  the  fibre  substance  is  that  with  chlorine  (in  pre- 
sence of  moisture).  The  product  of  chlorination  is  not  homogeneous, 
however,  as  are  the  nitx'ates  :  alcohol  removes  a  chlorinated  derivative 
of  the  non-cellulose,  leaving,  at  the  same  time,  after  exhaustive  treat- 
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ment,  a  certain  proportion — about  one-fourth — combined  with  the 
cellulose  in  such  a  way  as  to  resist  the  action  of  solvents. 

A  statistical  study  of  this  reaction  has  enabled  us  to  make  some 
progress  towards  elucidating  the  problem  of  the  constitution  of  the 
fibre  substance. 

First,  with  regard  to  the  quantity  of  chlorine  combining,  1"613  gram 
was  chlorinated  and  dried  in  a  vacuum  over  potassic  hydrate  (it  was 
necessary  to  remove  the  hydrochloric  acid  in  this  way,  as  the 
chlorinated  compound  is  appreciably  soluble  in  water),  and  lastly,  in 
the  air-bath  at  105°.  We  obtained  1"765  gram  of  dry  chlorinated  fibre  ; 
or  0"152  in  excess  of  the  original  weight.  The  chlorine,  estimated  in 
the  usual  way,  was  found  equal  to  0'1511  gram ;  or  9'4  per  cent., 
calculated  on  the  original  weight  of  fibre.  This  result  was  confirmed 
by  other  similar  experiments.  The  numbers  obtained  we  judged  to  be 
somewhat  high,  owing  to  the  evidence  of  the  presence  of  residual 
hydi"Ochloric  acid,  in  the  chlorinated  fibre  blackening  somewhat  on 
heating.  We  therefore  decided  to  measure  the  volume  of  chlorine 
disappearing  in  the  reaction,  and  constructed  an  apparatus  for  the 
purpose  already  described  in  a  note  communicated  to  the  Chem.  News, 
58,  215. 

The  essential  portion  of  this  apparatus  is  the  reaction  flask  or 
bottle  A.     This  is  closed  by  a  cork,  through  which  pass  two  tubes. 
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The  first,  B,  is  blown  ont  below  to  a  thin  bulb  ;  it  carries  an  outer 
tube  of  india-rubber  above,  through  which  is  inserted  a  rod,  C,  of 
somewhat  less  diameter,  and  reaching  nearly  to  the  bottom  of  the 
bulb.  The  prepared  fibre  is  introduced  into  the  bulb,  and  at  the 
required  moment  the  bulb  is  shattered  by  a  blow  on  C,  and  at  once 
freely  exposed  to  the  cblorine  atmosphere  in  A.  A  second  tube,  D, 
of  narrow  internal  diameter,  serves  to  connect  the  bottle  witb  any 
convenient  gas-measuring  apparatus.  The  tube  E  contains  a  small 
quantity  of  the  prepared  fibre,  and  serves  to  indicate  any  diffusion  of 
the  chlorine  outwards ;  which,  however,  we  have  never  found  to 
occur.  It  is  as  well  to  keep  the  gas  atmosphere  in  A  under  a  some- 
what diminished  pressure  during  the  experiment ;  the  absorption  of 
the  gas  being  followed  (when  an  ordinary  JJ-tube  with  mercury 
reservoir  is  used)  by  continual  additions  of  mercury  from  the 
reservoir. 

We  need  not  enter  in  detail  into  the  other  precautions  necessary  to 
be  observed,  beyond  remarking  that  the  containing  vessel  was  filled 
over  warm  water,  and,  on  reinverting,  a  small  quantity  of  water 
(5 — 10  c.c.)  was  allowed  to  remain  in  the  bottom  of  the  vessel,  in  order 
to  provide  for  the  complete  absorption  of  the  hydrochloric  acid  formed 
in  the  reaction. 

We  give  the  results  of  two,  from  amongst  many  concordant  deter- 
minations. 

(1.)   1-062,  fibre;  temp.  18°;  bar.,  75S— 18. 

Dui^ation  in  minutes ...  .    10        15        30        40        45 
CI  combining,  c.c 52-5     53-5     59-0     60-0     GO'O 

Volume  of  CI  corrected  to  0°  and  760  mm. ;  55  c.c.  =  0'1764  gram. 

At  the  conclusion  of  the  experiment  water  was  added  to  the  con- 
taining vessel,  the  excess  of  chlorine  expelled,  and  the  hydrogen 
chloride  formed  was  determined  by  titration,  and  found  equivalent  to 
2'5  c.c.  normal  alkali ;  we  have,  therefore — 

CI  in  combination  with  fibre  substance   . .      00876 
CI  as  HCl  formed  in  the  reaction 0-0888 


01764 

The  quantity  of  chlorine  as  hydrogen  chloride  in  excess  of  the 
equivalent  in  combination  is  0-0012. 

The  chlorinated  fibre  resulting  from  this  experiment  Avas  boiled  in 
solution  of  sodium  sulphite,  and  the  cellulose  thus  isolated,  after 
washing  and  drying,  was  found  equal  to  0"846  gram,  or  79-7  per  cent, 
of  the  original. 
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(2.)   1-387  fibre;  temp.,  18o ;  bar.,  752  -  18-6. 

Duration  in  minutes.       5  10  15  20  25  30  45  60  90  120  135  145  155 
CI  combining,  c.c. .  .     47  53  57  59  G2  63  69  72  75    78    80    82    82 

Vol.  of  CI  corrected  to  0°  and  760  mm.,  74-5  c.c.  =  0-2390  gram. 

CI  as  HCl  by  titration 01221  gram. 

Whence  CI  in  combination 0-1169       „ 


0-2390 


The  chlorine  as  hydrogen  chloride  in  excess  of  the  equivalent  in 
combination  is  0-0052  gram.  Cellulose  isolated  1*094  =  80*5  per  cent. 
The  percentage  of  chlorine  combined  with  the  fibre  substance,  and 
calculated  on  its  original  weight,  is  in  (1)  8-2  per  cent,  in  (2)  8-4  per 
cent. 

These  results  lead  to  the  conclusion  that  the  reaction  is  one  of  simple 
substitution  of  hydrogen  by  chlorine*  We  may  extend  this  statistical 
inquiry  by  including  what  we  had  previously  determined  in  regard 
to  the  composition  of  the  chlorinated  derivative.  Our  analytical 
results  were  as  under : — 

Calculated  for 
C19H18CI4O9. 

C 42-8  42-85 

H 3-4  3-38 

CI 26-8  26-69 

The  fibre,  on  chlorination,  we  now  find  increases  from  100  to  108-1, 

and  from  the  above  contains  that  is,  30-2  of   the  chlori- 

26-8       ' 

nated  derivative  of  the  non-cellulose.  Subtracting  this  from  the 
lOS'l  we  get  78,  which  agrees  sufficiently  well  with  the  percentage 
of  cellulose  obtained.  From  this,  we  infer  also  that  the  chlorinated 
fibre  contains  no  other  compound,  in  addition  to  cellulose,  but  the 
chlorinated  derivative  of  the  above  composition. 

This  is  confirmed  by  the  following  experiments,  in  which  the 
chlorinated  derivative  was  investigated  in  fractions  :  4-218  fibre 
chlorinated,  washed,  and  exhausted  with  hot  alcohol,  the  solvent 
always  employed  by  us  in  isolating  the  chlorinated  derivative 
for  analysis.  After  exhaustion,-  the  fibre  weighed  3-635  =  86-2 
per  cent,  of  the  original,  still  giving  the  brilliant  colour  re- 
reaction  with  sodium  sulphite  charactei-istic  of  the  compound  in 
question.  Of  this  residual  fibre,  1*232  grams  was  analysed  for 
chlorine   and    found   to    contain    0-0225.       This    is    equivalent    to 

*  We  leave  out  of  consideration,  while  admitting  the  possibility  of  combinations 
of  chlorine  without  substitution  as  with  CH — CH-groups. 

VOL.    LIV,  Q 
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0*0225  X  — ^ — •=  0*084  of  the  chlorinated  compound,  of  which,  there- 
2G-8  ^ 

fore,   continuing   the  assumption,   the    fibre    contains  6'8    per  cent. 

Subtracting  this  from  86"2,  the  percentage  of  fibre  remaining  after  the 

original  exhaustion,  leaves  79"4  for  cellulose.     This  agreement  with 

the  percentage   estimated  confirms  the   assumption,  and  supports  the 

conclusion  previously  drawn  as  to  the  composition  of  the  chlorinated. 

fibre. 

We  miist  now  consider,  by  way  of  parenthesis,  one  or  two  points 
of  subsidiary  and  general  bearing  on  the  main  argument,  and  the 
observations  upon  which  it  is  founded.  First,  with  regard  to  the 
errors  in  the  method  of  determining  the  amount  of  chlorine  combin- 
ing, by  observing  the  decrease  in  volume.  We  need  not  enter  into  a 
minute  discussion  of  all  the  probable  errors,  for  the  reason  that  the 
decrease  in  volume  in  c.c.  is  a  large  multiple  (  >7)  of  the  percentage 
on  the  fibre  to  be  calculated  therefrom,  and  therefore  the  only  error 
of  moment  is  that  resulting  from  the  absorption  of  chlorine  by  the 
moist  fibre. 

The  quantity  of  water  introduced  by  the  fibre  in  experiments  (1) 
and  (2)  was  less  than  1  gram  in  either  case  ;  the  corresponding  ab- 
sorption (solution)  of  chloinne  would  be  from  1  to  2  c.c.  This  absorp- 
tion would  afiect  the  percentage  of  CI.  calculated  in  the  fibre  by  an 
amount  eqiial  to  0"2 — 0'3.  This  error  requires  further  to  be  dis- 
tributed between  the  chlorine  as  hydrogen  chloride,  and  that  in  com- 
bination with  the  fibre  substance.  The  former  being  taken  as  the 
difference  between  the  observed  absorption,  and  the  chlorine  as 
hydrogen  chloride  determined  independently  by  titration,  it  will  be 
seen  that  the  error  falls  entirely  on  the  former  quantity. 

The  determinations  of  hydi-ochloric  acid  are  subject  to  an  error 
arising  from  the  solubility  of  the  chlorinated  derivative  in  water  and 
to  its  possessing  an  acid  reaction.  Washing  the  chlorinated  fibre 
with  saturated  salt  solution,  in  which  the  derivative  is  only  slightly 
soluble,  enabled  us  to  minimise  this  error,  which  by  direct  observa- 
tion of  the  "  acidity  "  of  the  derivative — using  litmus  as  the  indicator 
as  in  the  above  titrations — we  found  could  not  exceed  0"1  c.c.  of 
normal  alkali  in  the  second  of  the  experiments  detailed  above.  One 
other  point  remains  to  be  noticed,  viz.,  the  work  done  by  the  chlorine 
used  up  in  excess  of  the  equivalent  of  that  combining  with  the  fibre 
substance.  We  carefully  determined  the  quantities  of  carbonic  acid 
formed  in  chlorinating  the  fibre,  and  in  three  experiments  in  which 
45  grams  of  fibre  was  employed  the  quantities  determined  were 
0-0156,  0-0210  and  0-0213,  that  is,  from  0-003  to  0-005  per  gram  of  fibre. 
The  excess  of  chlorine  in  question  would  thus  appear  to  be  accounted 
for  in  the  occurrence  of  a  certain  slisht  destructive  oxidation. 
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Applying  the  correction  for  the  excess  of  the  estimated  clilorino 
reacting  it  reduces  the  percentage  upon  the  fibre  substance  from 
83  to  8'0.  This  we  take  to  be  the  quantity  actually  combining. 
Taking  the  formula  of  the  chlorinated  derivative  as  determined  by 
analysis  at  C19H1BCI4O9,  or  at  what  is  perhaps  more  probable, 
CigHnCliOs,  and  the  aggregate  formula  for  the  non-cellulose  from 
which  it  is  formed  as  «(CfiHf.03),  we  find  that  the  main  reaction  of 
chlorination  can  be  approximately  expressed  by  means  of  simple 
multiples  of  these  molecules  ;  as  under — 

19[3CeH,„05,CsH603]  +  24C1,  =  eC.oHnChOg  +  STaH^O^  +  3H,0 

Lignocellulose.  Chlorinated  Cellulose. 

derivative.  -|-  24HO. 

The  ratio  19C,4H360,8 :  24C1,  =  100  :  2  x  7-4. 

The  equation  leaves  us  with  a  plus  of  18  atoms  H  on  the  right  hand 
side. 

We  must,  however,  at  this  point  anticipate  the  conclusions  sub- 
sequently established  with  regard  to  the  non-cellulose.  That  it  is  a 
substance  of  considerable  molecular  complexity  is  of  course  to  be 
presumed.  The  lowest  atomic  ratio  dediicible  from  a  study  of  its 
constituent  molecular  groups  is  C76H8r,0;i7,  and  although  for  statistical 
purposes  this  ratio  may  be  taken  at  CeHgOs,  it  is  necessary  to  sub- 
stitute the  former  expression  in  endeav-ouring  to  convert  statistical 
into  molecular  quantities.  The  I'J  x  CeHsOa  =  CiuHhiOst  must  be 
corrected  to  CiuB[i2o055(=  1'5  X  C76H6„037).  Leaving  the  cellulose  out 
of  consideration — as  a  constant — the  chlorination  of  the  non-cellulose 
may  be  represented  by  the  equation — 

CiuH„o055  +  24C1,  =  eCHnCUOg  +  H,0  +  24HC1, 

which  equation  leaves  us  with  a  plus  of  only  8H  on  the  right  hand 
side,  a  quantity  inappreciable  by  experimental  method,  which  there- 
fore would  only  require  the  employment  of  high  multiples  for  its 
elimination. 

With  regard  to  the  molecular  proportion  of  chlorine  taken  up  in 
the  subsidiary  ]-eactions,  it  is  easy  to  see  that  it  equals  2CI2,  that  is, 
in  terms  of  the  quantities  represented  by  the  above  equations. 

In  regard  to  the  cellulose  isolated  from  the  chlorinated  fibre,  we 
find  it  somewhat  different  in  composition  from  the  normal  CeHioOs. 
Our  previous  analyses  (Trans.,  1882, 104)  showed  that  it  approximated 
in  composition  to  BCeHioOajH^O,  and  we  ought,  perhaps,  to  speak  of  it 
rather  as  a  cellulose-hydrate,  of  which  the  cellulose  of  the  ligno- 
cellulose is  the  "  residue."  For  the  present,  however,  we  are  con- 
cerned in  establishing  the  broad  outlines  of  the  chemistry  of  the  fibre 
substance,  and  we  are  content  to  leave  our  results  in  the  simplest 
terms  necessary  to  convey  clearly  our  main  conclusions. 

Q  2 
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We  have  now  to  resolve  the  non-cellulose  molecule,  which,  up  to 
the  present,  has  been  dealt  with  as  a  homogeneous  aggregate. 

Following  the  lines  of  our  previous  communications  (loc.  cit.),  we 
assume,  as  our  starting  point,  the  probable  connection  of  the  chlori- 
nated compound  with  the  derivative  obtained  by  the  action  of  this 
halogen  on  pyrogallol.  The  original  suggestion  of  this  line  of 
research,  we  would  remind  the  Society,  is  due  to  Dr.  Armstrong. 

We  had  previously  shown  (loc.  cit.)  that  there  was  evidence  of  the 
presence  of  mairogaUol  in  the  chloiinated  fibre,  its  reactions  with 
sodium  sulphite  and  with  ferric  chloride  being  indistinguishable  from 
those  of  the  phenol-derivative.  Similarly,  also,  the  isolated  chloro- 
derivative  yields  chloroqiTinones  by  sublimation.  MairogaUol  yields 
trichloropyrogallol  on  reduction  with  zinc  and  sulphuric  acid 
(Webster,  Proc,  1887,  p.  131;  Hantzsch  and  Schniter,  Ber.,  20, 
2033).  The  chlorinated  fibre  similarly  treated  yields  to  ether  a  sub- 
stance giving  the  deep  blue  reaction  with  barium  hydrate,  charac- 
teristic of  this  derivative.  It  has,  however,  been  found  impossible  to 
isolate  either  trichloropyrogallol  or  mairogaUol  from  the  chlorinated 
fibre. 

Taking  the  qualitative  and  a  priori  evidence  before  us  as  a  basis 
for  the  hj'potliesis  of  the  formation  of  the  former  in  the  chlorination 
of  jute,  we  will  again  have  recourse  to  the  statistical  method  of 
proof. 

As  mairogaUol  contains  50" 5  per  cent,  of  chlorine,  and  the  deriva- 
tive under  discussion  26"7  per  cent.,  we  conclude,  on  our  assumption, 
that  the  latter  contains  52  per  cent,  of  the  former,  associated  with  a 
chlorine-free  compound  or  compounds,  amounting,  therefore,  to  48  per 
cent,  of  its  weight.  Or,  taking  the  formulae  for  these  compounds  in 
such  multiples  respectively  that  the  numbers  for  chlorine  shall  be 
equal,  and  subtracting,  we  arrive  at  the  result  as  follows : — 

(a.)  UC.sHnClA    =  ao9H.8,CluO,3  =  5841 
(6.)     4CisH,ClnOu,    =  C  „H  2SCI4A0  =  3094 

(c.)     By  difference  . .      C,37Hi59       O59         2747 

The  proportion  of  the  difference — that  is,  the  chlorine-free  hypo- 
thetical molecule  (c) — to  the  original  J 1  mols.  of  chlorinated  deriva- 
tive (a)  is  48  :  100.  We  have  now  to  confirm  this  deduction  by  the 
experimental  diagnosis  of  the  hypothetical  molecule  in  question. 

In  our  earlier  work  (loc.  cit.)  we  had  observed  that  the  chlorinated 
derivative  had  a  powerfully  reducing  action  on  cupric  oxide  in 
alkaline  solution,  and  concluded  that  it  was  a  compound  of  a  chlori- 
nated body  with  a  non-chlorinated  derivative  of  aldehydic  nature. 
That  it  was  a  compound  and  not  a  mixture  we  showed  by  the  invari- 
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able  results  of  the  analyses  of  tlie  compound  prepared  from  various 
sources  and  variously  fractionated.  The  aldehydic  constituent  we  sub- 
sequently found  to  be  furfural  (Trans.,  1883,  20).  To  liberate  this 
aldehyde,  alkaline  hydrolysis  of  the  chlorinated  derivative  is  necessary  ; 
on  then  acidifying-  and  distilling  it  is  obtained  in  quantity.  Thus, 
from  2  grams  of  jute  chlorinated  and  treated  in  this  way,  we  obtained 
250  c.c.  of  distillate,  giving  a  deep  rose-red  reaction  with  aniline 
acetate.  Jute-cellulose,  treated  similarly,  gives  no  furfural.  This 
aldehyde  is,  moreover,  a  characteristic  product  of  hydrolysis  (acid)  of 
all  the  lignocelluloses.  We  made  an  estimate  of  the  yield  of  furfural 
from  the  jute  fibre-substance,  when  decomposed  by  boiling  with 
strong  acids,  using  the  approximate  method  proposed  by  V.  Meyer 
(Ber.,  11,  1870),  and  based  upon  the  colour  reaction  with  aniline 
acetate.  The  quantities  estimated  in  two  experiments  were  lO'O  and 
11'2  per  cent,  respectively  (Jour.  Soc.  Chem.  Ind.,  4,  11  ;  Watts's 
Dictionary,  New  Edition,  "  Cellulose  ").  On  the  other  hand,  the 
isolated  celluloses  from  such  substances  as  jute,  pinewood,  and  other 
fully-elaborated  lignitied  fibres  or  tissues,  yield  no  furfural,  or  at  the 
most  traces  of  it,  under  severe  treatment.  We  have  now  to  compare 
the  composition  of  furfural  with  that  of  the  hypothetical  chlorine- 
free  constituent  of  the  chlorinated  derivative  expressed  by  the 
statistical  formula,  viz.,  CiaTHisaOsg,  as  follows  : — 

Furfural.  Hjpoth.  body. 

CSH4O2.  Ci37^\M^b9- 

C 62-5  59-8 

H 41  5-8 

It  would  appear,  therefore,  that  the  furfural  is  associated  in  the 
hypothetical  molecule  with  a  body  containing  a  relatively  high  pro- 
portion of  hydrogen.  This  body  we  have  had  no  difficulty  in  showing 
to  be  an  acetic  residue. 

The  presence  of  methyl-groups  is  proved  by  the  evolution  of 
methyl  chloride  from  the  chlorinated  derivative  when  heated.  We 
also  obtained  this  gas  in  large  quantity  from  the  similar  derivative 
which  we  prepared  from  esparto  and  described  in  our  first  paper 
(Trans.,  1882,  94). 

The  fibi'e,  when  boiled  with  chromic  acid,  yields  acetic  acid  in  small 
quantity,  but  the  most  effectual  way  of  isolating  the  acid  is  by  dis- 
solving the  fibre  in  concentrated  sulphuric  acid  in  the  cold,  diluting 
and  distilling ;  from  4'5  grams  thus  dissolved,  after  the  solution  was 
diluted  to  250  c.c.  and  distilled,*  we  obtained  a  distillate  of  160  c.c, 

*  We  treated  in  this  way  the  same  weights  of  both  cotton  and  jute  cellulose.  In 
neither  case  did  we  obtain  any  volatile  acid.  The  source  of  the  acetic  acid  in  the 
above  experiment  is  therefore  in  the  non-cellulose  constituents  of  the  fibre. 
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containing  O'lSO  gram  of  acetic  acid,  together  with  furfural.  The 
distillate  was  redistilled  from  chromic  acid,  the  second  distillate  boiled 
with  silver  oxide,  filtered,  and  evaporated  to  dryness.  Silver  acetate 
crystallised  out,  and  the  crystalline  residue  yielded,  on  ignition, 
()47  per  cent.  Ag  (calc.  C2H302Ag  64"6).  Acetic  acid  was  thus 
pi-oved  to  be  the  only  volatile  acid  formed. 

Reverting  to  the  statistical  comparison  of  the  hypothetical  mole- 
cule with  furfural  with  our  determinations  of  tlie  proportion  of  this 
aldehyde  to  the  fibre  substance,  and  assuming  that  the  acetyl  radicle 
is  present  in  the  form  of  acetaldehyde,  we  infer,  from  the  carbon 
percentages,  that  these  aldehydes  are  associated  in  the  proportion  by 
weight  of  six  of  the  former  to  five  of  the  latter. 

We  may  sum  up  our  inferences  as  to  the  composition  of  the  chlori- 
nated derivative  of  the  non-cellulose  as  follows  : — 

100  parts  of  fibre  combine  with  8  of  chlorine ;  108  of  chlorinated 
fibre  thus  produced  are  made  up  of  78  of  cellulose  and  30  of  chlorinated 
fibre.  The  30  of  chlorinated  non-cellulose  is  made  up  approximately 
of  16  parts  of  mairogallol  and  14  of  the  hypothetical  molecule.  14  of 
the  hypothetical  molecule  are  made  up  of  7'Q  parts  of  furfural  and  6'4 
of  acetaldehyde. 

Having  no  further  experimental  evidence  to  adduce  on  the  main 
subject  of  our  inquiry,  we  would  close  our  communication  at  this 
point,  but  we  may,  perhaps,  be  allowed  to  discuss  certain  of  its 
general  bearings. 

With  regard  to  the  statistical  method  pursued,  it  is  unnecessary  to 
point  out  its  imperfections.  It  must  be  judged  by  the  exigencies  of  the 
case  and  by  its  results.  We  have  made  many  ineffectual  attempts  to 
resolve  the  chlorinated  derivative.  We  have  closely  studied  mairo- 
gallol and  the  group  of  halogen-derivatives  of  the  trihydric  phenols, 
of  which  it  is  a  member,  with  the  view  of  finding  a  means  of  isolating 
it,  or  a  product  of  its  decomposition  from  the  derivative.  Our  failure, 
it  will  be  admitted,  is  in  harmony  with  the  conclusions  drawTi  from 
the  statistical  investigation  as  to  the  nature  of  this  complex  molecule, 
that  is  the  association  of  mairogallol — itself  a  very  unstable  molecule 
— in  combination  with  such  active  molecules  as  furfural  and  acetic 
residues. 

Hantzsch  and  Schniter  regard  mairogallol  (Joe.  cit.)  as  a  condensed 
derivative  of  a  typical  quinone-chloride  molecule  — 

CI2 
Cljj^\0H)2 

Cll!J(OH)., 

o 
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It   is  formed  from   pjTogallol  by   a   destructive   chlorination,   which 
Steuhouse  and  Groves  formulated  as  under : — 

4C6H6O3  +  24CI,  +  10H,O  =  C,.H;Cl„0.o  +  6CO3  +  37HC1. 

We  made  an  approximate  determination,  by  the  absorption  method 
described  above,  of  the  chlorine  required  to  chlorinate  pyrogallol  in 
presence  of  cellulose.  We  dissolved  O'lOO  of  the  phenol  in  a  little 
water,  and  added  the  solution  to  a  pure  cellulose  fibre,  which  was  then 
exposed  to  chlorine,  as  described.  The  absorption  measured  was 
87  c.c.  (at  18°  and  756  mm.),  from  which,  neglecting  the  CO2  formed, 
which  Ave  assume  to  be  absorbed  by  the  water  present,  we  conclude 
that  0'25  of  CI  was  taken  up ;  the  quantity  required  by  the  equation 
being  0"33.  We  cite  this  in  conti-ast  to  the  chlorination  of  jute, 
which  we  have  shown  to  be  non-destructive,  and  in  support  of  the 
conclusion  that  mairogallol  being  formed  by  the  simple  combination 
with  chlorine,  the  non-cellulose  of  jute  contains  carbon-rings  of 
similar  ari^augement  to  the  typical  molecule  of  mairogallol  formulated 
above. 

This  inference,  in  conjunction  with  the  ascertained  furfural  and 
acetyl  groupings  of  the  constituent  atoms  of  the  non  cellulose,  lands 
us  in  a  region  of  possibilities,  further  entry  into  which  w'ould  be  on 
the  basis  of  pure  speculation.  For  the  present  it  is  sufficient  to  bear 
in  mind  that  the  conclusions  we  have  arrived  at  generalise,  and  in  no 
particular  contravene  what  is  known  of  this  typical  lignocellulose, 
the  jute-fibre. 

Having  regard  to  the  results  obtained,  we  shall  extend  this 
statistical  method  of  investigation  to  other  members  of  the  group  of 
lignocelluloses.  Of  these  there  appear  to  be  two  main  groups, 
(1),  that  of  which  jute  is  the  type,  and  which,  so  far  as  we  have  been 
able  to  observe,  is  coextensive  with  lignification  as  defined  by  the 
physiologists,  and  as  manifested  in  the  earlier  stages  of  growth  : 
(2),  the  substances  composing  the  fibre  elements  of  perennial  stems, 
that  is,  the  woods  proper.  Of  these,  fir-wood  (Fimis  ahies)  may  be 
taken  as  the  type.  Of  the  former,  we  have  had  occasion  to  investigate 
a  considerable  number,  and  have  found  the  same  chemical  charac- 
teristics, not  only  in  isolated  bast-fibres  of  the  same  class  physiologi- 
call}'^  as  jute,  for  example,  the  bast  of  the  various  species  of  Hibiscus, 
of  Sida  rhombifolia,  but  also  in  fibres  and  fibro-vascular  bundles  of 
monocotyledons,  for  example,  Musd  and  Aloe  species,  and  even  in  the 
stony  secretions  of  the  pear,  which,  although  of  such  widely  ditFerent 
functions,  is  closely  similar  in  properties  to  the  jute-fibre  substance. 

Of  results  obtained  with  these  various  plant  products  we  mention 
the  following : — Chlorinated  derivatives  isolated  from  Musa  (Fara- 
disiaca)  and   Esparto,   closely  resembling   the  compound   from  jute 
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(Trans.,  loc.  cit.).  A  quantitative  investigation  of  the  chlorination  of 
Sida  by  the  method  described  in  this  paper,  giving  7'2  per  cent,  on 
the  fibre  of  chlorine  combining,  with  7'9  per  cent,  chlorine  as  hydro- 
gen chloride.  The  decomposition  of  the  stony  concretions  of  the  pear 
by  chlorination  into  cellulose  and  chlorinated  non-cellulose,  identical 
with  that  of  jute,  and  by  acid  hydrolysis  into  furfural*  on  the  one 
hand  (not  glucose,  as  stated  by  Erdmann),  and  insoluble  condensa- 
tion-products on  the  other. 

With  regard  to  the  actual  processes  of  lignification,  of  which  the 
chemical  identity  is  established  for  so  wide  a  range  of  plant  elements, 
we  would  offer  a  few  observations,  based  upon  our  investigations  of 
jute. 

We  have  recently  had  the  opportunity  of  investigating  the  develop- 
ment of  the  fibre  in  the  living  plant.  We  find  that  from  the  earliest 
appearance  of  the  fibre)  bundles,  for  example,  in  sections  cut  a  few 
centimetres  below  the  growing  point,  they  have  all  the  chemical  cha- 
racteristics of  the  mature  fibre.  In  the  isolated  fibre,  we  find  no 
sensible  variation  in  the  proportion  of  cellulose  to  non-cellulose,  nor 
in  their  mode  of  combination,  throughout  the  entire  length  of  2  to 
3  metres.  This  evidence  appears  to  carry  with  it  the  suggestion  that 
both  cellulose  and  non-cellulose  may  have  a  common  and  simultane- 
ous origin  in  a  parent  substance,  and  that  lignification  is  the  result  of 
progressive  modifications  and  differentiations  of  this  original  complex 
molecule. 

On  this  view  the  chemistry  of  the  second  group  of  Hgnocelluloses, 
the  woods,  would  be  a  continuation  of  this  process  of  modification. 
We  have  reason  to  hold  that,  in  the  earlier  stages  of  growth,  they  are 
similar  in  composition  to  the  members  of  the  first  group.  In  their 
mature  condition,  on  the  other  hand,  we  find  them  characterised  by  a 
higher  carbon  percentage,  49 — 51,  as  compared  with  46 — 48,  and  a 
higher  proportion  of  non-cellulose,  50 — 60,  as  against  20 — 30. 

The  physiologists  are  accustomed  to  speak  of  vegetable  matter  as 
"  dead  "  when  removed  from  the  sphere  of  the  vitally  active  cells.  To 
the  chemist  no  such  sharp  line  of  demarcation  exists.  The  sub- 
stances composing  the  tissues  of  plants,  and  notably  the  lignocelluloses, 
are,  as  is  evident  from  their  nature,  capable  of  a  long  series  of 
intrinsic  modifications,  and  we  think  due  weight  should  be  given  to 
such  considerations  in  all  endeavours  to  advance  from  our  present 
very  imperfect  knowledge  of  the  chemistry  of  elaboration. 

In  conclusion,  we  would  briefly  summarise  the  main  points  which 
we  have  thus  endeavoured  to  establish,  with  regard  to  the  constitution 
of  the  jute  fibre- substance. 

(1.)  A  compound  of  cellulose  and  non-cellulose,  empirically  CioHisOg, 
*  Or  a  carbohydrate  yielding  furfural. 
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of  the  general  chemical  features  of  the  celluloses,  resisting  hydrolysis 
and  yielding  explosive  nitrates,  of  which  the  highest  is  the  tetra- 
nitrate. 

(2.)  The  non-cellulose  is  a  complex  molecule,  from  the  products  of 
i-esolution  of  which,  by  chlorination  and  hydrolysis,  we  infer  it  to 
contain  the  following  groups  of  molecules  : — 

(a.)  CiHHigOio,  ketone  transitional  to  a  quinone,  chlorinated  directly 
to  form  mairogallol  :  (b.)  dRiOi,  furfural  in  combination,  by  con- 
densation with  (a),  and  with  (c)  an  acetic  residue.  These  are  com- 
bined   in   the  approximate  molecular  proportion   (a)  2,    (h)  G,  (c)  5, 

(3.)  The  lignocelluloses  in  the  earlier  stages  of  growth  are  con- 
stituted on  this  type.  The  true  woods,  on  the  other  hand,  appear  to 
represent  a  more  condensed  type. 


XXVII. — The  Atomic  Weight  of  Chromium. 

By  S.  G.  Rawson,  B.Sc,  Demonstrator  of  Chemistry,  University 
College,  Liverpool. 

A  GEEAT  many  investigations  have  been  made  of  the  atomic  weight  of 
this  element,  and  the  result,  leaving  on  one  side  the  work  of  the 
earlier  experimenters,  seems  to  place  the  value  between  52"0  and  52'5. 
In  consequence  of  this  considerable  difference,  it  seemed  to  me  that  a 
redetermination  of  the  atomic  weight  might  be  of  service. 

The  first  experiments  of  any  value  were  those  made  by  Peligot 
(Covipt.  rend.,  19,  609  and  734;  20,  1187;  21,  74),  who  analysed 
chromous  acetate,  and  came  to  the  conclusion  that  the  atomic  weight 
was  about  52"5,  the  earlier  results  of  Berzelius  having  given  56. 
Berlin,  in  an  important  paper  (/.  pr.  Chem.,  37,  509,  and  38,  149), 
obtained  results  frora  which  he  deduced  an  atomic  weight  of  52"51,  if 
0  =  16;  the  method  employed  was  to  reduce  silver  chromate  with 
alcohol  and  hydrochloric  acid,  and  then  having  thoroughly  washed 
the  silver  chloride  formed,  to  heat  this  in  the  flask  in  which  the 
reduction  took  place.  The  washings  were  then  treated  with  ammonia, 
and  the  precij^itated  hydrate  filtered,  dried,  and  ignited.  The  objec- 
tion to  this  plan  is,  as  Siewert  pointed  out,  that  silver  chloride  is 
soluble  in  a  chromium  chloride  solution,  and  consequently  traces  of 
silver  chloride  are  estimated  with  the  chromium  hydrate ;  this  error 
would  tend    to    raise   the   atomic    weight   of    the  metal.      Siewert"s 
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(Zeitsclirift  gesamvit.  Wissenschaften,  17,  530)  own  plan  was  to  fu^e 
the  sublimed  violet  chloride  of  chromium  with  sodium  carbonate  and 
nitre,  then  to  precipitate  the  chlorine  with  silver  nitrate  in  the  pre- 
sence of  nitric  acid,  and  weigh  the  silver  chloride  thrown  down.  In 
some  experiments  on  the  silver  dichromate,  both  the  silver  chloride 
and  the  chromium  hydrate  were  weighed.  The  mean  of  all  his 
results  was  that  if  0  =  16,  Cr  —  52129. 

Another  series  of  experiments  was  carried  out  by  Kessler  (Fogg. 
Ann.,  95,  208,  and  113,  137),  who  compared  the  oxidising  power  of 
potassium  dichromate  with  that  of  potassium  chlorate,  the  solutions 
used  for  titration  being  ferrous  chloride  and  arsenious  acid.  He 
deduced  the  molecular  weight  of  KjCraOv  as  equal  to  294"0i3,  whence 
the  atomic  weight  of  chromium  is  52"  116. 

Moberg  (/.  pr.  Chem.,  43,  114)  ignited  anhydrous  chromium 
sulphate  and  a,mmoniacal  chrome-alum  and  weighed  the  residual 
Cr-iOs.  There  are,  however,  two  objections  to  his  method — first,  that 
it  is  difficult  to  obtain  the  pure  anhydrous  salts,  and  then,  as  has 
been  recently  shown  by  Lupton,  it  seems  to  be  exceedingly  difficult  to 
completely  decompose  the  sulphates,  no  matter  how  high  the  tempei'a- 
ture  of  ignition  may  be. 

Baubigny  (^Gompt.  rend.,  98,  146),  however,  who  has  lately  pub- 
lished some  researches  on  this  point,  found  that  if  a  perfectly  pure 
sulphate  be  taken,  prepared  according  to  the  method  indicated  by 
him,  and  ignited,  the  decomposition  is  complete,  and  he  gives  as  the 
mean  of  the  results  which  he  considers  most  trustworthy,  the  figure 
62"16  for  the  atomic  weight  of  chromium.  Clarke,  in  his  work  on 
the  "  Recalculation  of  the  Atomic  Weights,"  also  gives  the  results 
obtained  by  various  other  experimenters. 

Passing  on  to  my  own  work,  1  may  mention  that  the  balance  used 
was  of  the  short-beamed  type,  and  was  by  Sartorius  of  Gottingen. 
I  determined  its  sensibility,  and  the  ratio  of  the  arms  of  the  balance 
to  one  another  was  also  obtained  and  allowance  made  for  this;  the 
correction  necessa:-y,  however,  being  very  slight.  In  weighing,  the 
method  of  vibrations  was  always  used,  a  zero  reading  being  taken 
both  before  and  after  weighing  in  every  case,  and  the  value  of  a  scale 
division  for  the  particular  load  was  determined  by  shifting  the  rider 
0"6  milligram  at  a  time. 

The  weights  used  were  made  by  Oertling,  and  had  been  specially 
adjusted.  Mr.  Chancy  was  kind  enough  to  standardise  two  of  the 
10-gram  weights  for  me,  and  found  that  10'^  =  lO'OOOO??;  10^  = 
10-000087. 

From  these,  the  actual  values  of  the  remaining  brass  gilded 
weights  were  determined.  No  coiTection  was  made  for  the  platinum 
weig-hts. 
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The  idea  on  wliicli  I  proposed  to  myself  to  work  Avas  of  a  two-fold 
nature.  In  the  first  place  by  the  ignition  of  ammonium  dichromate, 
1  hoped  to  measure  the  nitrogen  evolved,  and  to  weigh  the  chromium 
sesquioxide  which  remained  after  ignition,  and  then,  in  the  second 
place,  to  reduce  the  dichromate  with  alcohol  and  hydrochloric  acid  to 
the  chloride,  and  estimate  the  oxide  produced  by  direct  precipitation 
with  ammonia.  Hence  the  only  salt  which  I  should  require  was 
ammonium  dichromate,  and  this,  from  the  readiness  with  which 
it  can  be  bought  of  very  considerable  purity,  and  from  the  ease  with 
which  it  can  be  recrystallised,  was  very  suitable  for  the  purpose.  It 
is,  moreover,  permanent  in  air,  is  not  hygroscopic,  and  the  atomic 
weights  of  its  constituents  are  amongst  the  best  determined  of  all 
the  atomic  weight.s  of  the  different  elements ;  for,  amongst  many 
others,  Stas  and  Regnault  have  both  determined  the  atomic  weights 
of  oxygen  and  nitrogen. 

As  it  is  clear  that  the  purity  of  the  ammonium  dichromate  was  of 
paramount  importance,  I  endeavoured  to  secnre  this  in  the  following 
way  : — 

Purification  of  Ammonium  Dichrom,ate. 

8  ozs.  of  the  purest  ammonium  dichromate  which  I  could  obtain 
was  very  carefully  analysed  and  with  practically  negative  results,  so 
far  as  impurities  were  concerned.  It  was  then  recrystallised  from 
water  which  had  been  thrice  distilled,  the  weight  of  the  crystals 
obtained  being  5  ozs.  The  crystals  were  again  dissolved,  and  the 
solution  evaporated  down  on  a  wiiter-bath  with  constant  stirring  until 
about  3  ozs.  of  the  crystals  in  a  mealy  condition  were  obtained.  These 
were  again  reciystallised  and  the  crystals  drained  on  a  filter-pump, 
washed  with  cold  water,  and  again  dried  by  the  filter-pump.  This 
operation  was  repeated,  and  the  crystals  ouce  more  dissolved  in 
water,  and  then  as  a  trace  of  a  basic  salt  might  have  been  formed  by 
the  previous  crystallisations,  though  the  solution  on  inspection 
appeared  absolutely  clear  and  bright,  it  was  filtered  through  a  filter- 
paper,  previously  boiled  and  washed  in  pure  water,  and  evaporated 
nearly  to  dryness  on  a  water-bath  with  constant  stirring.  The  mass 
was  then  again  drained  on  the  filter-pump,  crushed,  and  dried  in  an 
air-bath  at  100°  for  36  hours,  with  occasional  stii'ring,  and  finally 
placed  in  a  desiccator  for  about  a  fortnight.  In  this  manner  it  is 
hoped  that  the  salt  was  obtained  in  a  state  of  purity. 

Method  A.     Ignition  of  Avimonium  Dichromate. 

A  weighed  amount  of  the  dichromate  was  placed  in  a  small,  thin 
tube,  which  was  then  sealed  up,  and  this  was  inclosed  in  a  piece  of 
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wide  glass  tubing,  sealed  at  one  end  and  drawn  out  and  bent  at  right 
angles  at  the  other,  and  loosely  plugged  towards  this  end  with  cotton- 
wool. The  inner  tube  was  then  broken  by  a  slight  jerk,  and  the 
dichromate  distributed  along  about  one-sixth  of  the  length  of  the 
outer  tube;  the  latter  was  then  connected  with  a  series  of  U 'tribes 
filled  with  calcium  chloride,  which  in  their  turn  were  connected 
with  a  Sprengel  pamp.  The  apparatus  w^as  then  exhausted  and 
the  tube  cautiously  heated  in  order  that  the  evolution  of  nitrogen 
might  be  more  under  control.  In  spite  of  the  greatest  care,  however, 
the  dichromate  burned,  when  once  started,  like  so  much  tinder,  and, 
in  consequence,  the  nitrogen  came  off  with  such  rapidity  that  I  was 
unable  to  prevent  some  particles  of  chromium  oxide  from  being 
carried  away.  Not  only  so,  but  it  seems  to  me  more  than  likely  that 
traces  of  the  dichromate  itself  might  also  be  mechanically  removed, 
and,  perhaps,  a  minute  quantity  might  even  escape  decomposition 
altogether,  mixed  as  it  is  with  the  extremely  voluminous  and  light 
residue  of  the  oxide.  I  tried  plugging  the  tube  with  asbestos  and 
mixing  the  dichromate  with  a  known  weight  of  pure  sand,  but  the 
results  were  not  satisfactory.  Besides  these  errors  arising  from  im- 
perfect mechanical  appliances,  and  which  might,  no  doiibt,  be  over- 
come, there  is  a  far  more  serious  one  in  that  the  gas  which  is  evolved 
is  not  pure  nitrogen  as  it  is  usually  stated  to  be.  If  the  gas,  as  it  is 
given  off,  be  dried  and  collected  in  a  suitable  vessel  over  mercui-y,  it 
will  be  seen  to  be  of  a  very  faint  brownish  colour  with  a  nitrous 
smell  and  acid  reaction.  If  the  gas  be  shaken  up  with  water  the 
solution  gives  clearly  enough  with  ferrous  sulphate  and  sulphuric 
acid  the  ordinaiy  reaction  for  nitric  acid ;  and  if  the  gas  is  allowed 
to  remain  standing  over  the  mercury,  the  surface  of  this  becomes 
coated  with  a  slight  white  deposit,  probably  the  nitrate.  I  also 
observed  another  curious  fact  in  some  rough  experiments  in  which  no 
drying  took  place  and  the  tube  was  not  plugged.  The  gas  was  passed 
through  a  series  of  empty  bottles  to  serve  as  catch  vessels  for  the 
oxide  ;  in  the  first  of  these  there  was  a  strong  smell  of  ammonia,  and 
the  gas  had  an  alkaline  reaction,  whilst  in  the  glass  collecting-tube 
nitrous  fumes  were  present,  as  mentioned  above.  I  tried  two  or  three 
different  samples  of  dichromate  with  exactly  the  same  results.  In 
this  connection,  the  appearance  of  the  oxide  is  interesting,  for  instead 
of  being  of  a  bright  green  colour,  as  one  would  expect,  I  always 
foTind  it  to  be  mixed  with  numerous  particles  of  a  greyish  colour,  in 
fact,  I  should  feel  disposed  to  say  that  the  whole  was  rather  grey 
than  green.  These  particles,  when  rubbed  on  paper,  gave  an  olive- 
green  streak,  but  if  they  were  again  ignited  in  the  presence  of  air, 
then  they  assumed  the  ordinary  green  colour  of  oxide  of  chromium, 
and  their  streak  was  also   of   the   usual   tinge.     It  would  seem  that, 
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besides  the  primary  reaction  in  which  nitrogen  and  chromium  oxide 
are  mainly  formed,  there  is  a  secondary  reaction  resulting  in  the 
formation  of  one  or  more  of  the  oxides  of  nitrogen,  and  of  an  oxide  of 
chromium  of  a  composition  not  expressed  by  the  formula  CroOa.  I 
give  the  result  of  an  actual  experiment. 

Weijjht  of  dichromate  taken  :=  1  "29495  CTam. 

Volume  of  nitrogen  at  0°  C.  and  760  mm.  pressure,  111*946  c  c. 

Volume  of  nitrogen  calculated  at  0°  C.  and  760  mm.  pressure  (if 
Cr  =  52),  114-740  c.c. 

Volume  of  nitrogen  calculated  at  0°  C.  and  760  mm.  pressure  (if 
Cr  =  52-5)  114-292  c.c. 

I  assumed  that  the  atomic  weight  of  O  =  15'96,  of  N  =  14'02,  and 
that  at  standard  tempei^ture  and  pressure  a  litre  of  nitrogen  weighs 
1 '25700  grams. 

Method  B.  Reduction  of  Ammonium  Dichromate  to  Chromiuvi  Chloride. 

In  this  series  of  experiments,  as  previously  mentioned,  a  known 
weight  of  the  dichromate  was  reduced  with  great  care  to  chromium 
chloride,  precipitated  with  the  least  possible  amount  of  ammonia,  and 
then  ignited  and  the  oxide  weighed.  It  is  clear,  therefore,  that 
besides  ammonium  dichromate  four  other  compounds,  namely,  water, 
hydrochloric  acid,  alcohol,  and  ammonia,  took  part  in  the  reaction. 
These  substances  all  readily  lend  themselves  to  purification,  and  the 
method  employed  for  this  purpose  in  each  case  I  will  briefly  indicate. 
A  platinum  dish  of  200  c.c.  capacity  was  taken  and  tared  against 
another  dish  of  the  same  size  and  almost  the  same  weight,  the  differ- 
ence in  the  weight  between  the  two  dishes  being  made  up  by  means 
of  a  small  piece  of  platinum  foil.  These  two  dishes  were  treated  in 
all  respects  alike,  when  one  was  placed  on  the  water-bath,  so  also  was 
the  otber,  and  for  the  same  time ;  they  were  ignited  in  a  similar 
manner,  and  they  were  placed  in  desiccators  for  the  same  length  of 
time,  &c.  In  this  manner  the  various  corrections,  at  best  uncertain, 
which  would  have  been  necessary  in  computing  the  actual  weight  of 
the  dish,  were  obviated.  They  were  both  covered  with  platinum 
foil,  bat  their  covers  were  not  weighed  with  them. 

The  dLshes  having  been  carefully  tared,  a  known  volume,  viz., 
100  c.c.  of  pure  trebly  distilled  water  was  then  evaporated  to  dryness, 
the  dishes  ignited,  and  again  weighed.  I  was  unable  to  detect  any 
difference  in  their  weight,  and  the  experiment  having  been  repeated 
once  or  twice  with  the  same  result,  it  was  assumed  that  the  water  was 
pure.  The  hydrochloric  acid  was  bought  as  the  purest,  but  it  was 
again  distilled  most  carefully,  and  100  c.c.  evaporated  as  before,  there 
being  in  this  case  also  either  no  residue  or  one  which  was  absolutely 
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inappreciable.  With  the  ammonia,  which  was  also  redistilled,  there 
was  no  residue,  though  in  this  case  I  onlj^  evaporated  a  much  smaller 
quantity,  namely  20  c.c.  The  alcohol,  however,  gave  me  at  first  a 
residue  of  0'003  gram  per  20  c.c.  of  alcohol  taken,  but  after  being 
again  very  carefully  distilled,  was  found  to  be  pure. 

Having  thus  purified  the  materials  and  determined  the  errors,  if 
any,  introduced  into  the  estimation  by  the  reagents  employed,  it  was 
now  possible  to  make  some  determinations  of  the  required  atomic 
weight.  As  the  same  plan  was  adopted  throughout,  a  short  descrip- 
tion of  one  experiment  will  suffice  for  all  the  others. 

The  two  platinum  dishes  having  been  carefully  cleaned  were 
ignited,  cooled  in  desiccators,  and  weighed  against  one  another,  the 
piece  of  platinum  foil  being  adjusted  until  the  difference  between  the 
two  was  reduced  to  an  amount  less  than  1  mgrm.,  the  exact  differ- 
ence being  carefully  noted.  The  finely  ground  ammonium  dichromate 
was  then  placed  in  one  dish,  weighed,  and  the  temperature  and  pres- 
sure noted ;  10  c.c.  of  water  were  then  added,  and  when  the  salt  had 
dissolved,  10  c.c.  of  hydrochloric  acid  ;  then  with  great  care,  and  in 
small  quantities  at  a  time,  10  c.c.  alcohol  were  added,  and  the  whole 
evaporated  to  complete  dryness  on  the  water-bath,  the  platinum  dish 
sei'ving  as  tare  being  also  placed  on  the  water-bath.  The  above 
treatment  was  again  repeated,  so  that  there  should  be  no  doubt  as  to 
the  complete  reduction  of  the  salt.  The  residue  was  taken  up  with 
10  c.c.  of  water,  and  then  2  c.c.  of  the  pure  ammonia  solution  were 
added,  and  the  whole  stirred  with  a  platinum  wire  bent  once  at  right 
angles.  Another  10  c.c.  of  water  were  added,  and  3  c.c.  of  ammonia, 
and  the  mass  again  thoroughly  stirred  with  the  wire,  which  was 
washed  with  10  c.c.  of  water.  The  mass  was  then  evaporated  to 
complete  dryness,  placed  in  an  air-bath,  and  heated  at  about  140° 
for  five  hours.  The  two  dishes,  with  their  loosely-fitting  platinum 
lids,  were  next  placed  in  a  gas-muffle,  the  floor  of  which  was  covered 
with  asbestos  card,  the  dishes  themselves  resting  on  pipe-clay 
triangles.  The  temperature  was  slowly  raised  to  redness,  and  main- 
tained at  that  point  for  an  hour;  the  evolution  of  ammonium  chloride 
was  perfectly  under  control,  and  I  do  not  believe  that  a  trace  of  the 
oxide  was  mechanically  carried  away.  In  the  volatilisation  of  the 
ammonium  chloride,  it  was,  however,  possible  that  a  certain  amount 
of  decomposition  might  have  taken  place,  and  that  a  trace  of  chro- 
mium chloride  might  have  been  re-formed,  for  it  was  found  that,  if  a 
mixture  of  the  hydrate  and  ammonium  chloride  were  heated  in  a  long 
glass  tube,  closed  at  one  end  and  contracted  at  the  other,  a  consider- 
able amount  of  the  chloride  was  produced.  It  is  true  that  the 
conditions  obtaining  in  the  two  cases  were  very  different,  still  as 
there  was  the   chance   that  an  error  might  be    introduced,  it  was 
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necessary  to  provide  ag'ainst  it.  The  ig'uitLHl  residue  was,  tlierefore, 
treated  with  water,  and  then  a  little  ammonia  added,  and  the  whole 
again  evapoi-atcd  to  dryness  and  ignited.  The  dishes  were  then 
removed  from  the  muffle  by  means  of  a  fork  with  two  prongs 
made  of  brass  wire  and  coated  with  platinum  foil,  and  placed  at  once 
in  desiccators,  allowed  to  cool  in  the  balance-room,  and  weighed,  the 
temperature  and  pressure  being  noted.  They  were  again  heated  for 
half  an  hour  and  weighed,  and  also  a  third  time ;  if  the  last  two 
weighings  agreed,  the  result  was  accepted.  In  this  way,  througliout 
the  whole  process,  there  was  no  transference  at  any  time  of  any  of  the 
material  from  one  dish  to  another,  no  filtering,  no  handling  of  any 
of  the  appai"atus  employed,  and  no  burning  of  filter-papers,  the  whole 
operation  being  of  the  simplest  kind.  The  chromium  oxide  was 
always  of  a  beautiful  green  colour,  and  its  purity  was  tested  by  treat- 
ing it  with  water  and  filtering.  The  filtrate  was  clear  and  colourless, 
and  on  evaporation  gave  no  residue.  There  were  in  all  eight  estima- 
tions made,  but  the  first  one  was  spoiled  by  using  too  much  ammonia 
for  the  precipitation,  and  the  second  through  incompletely  drying  the 
residue  in  the  air-oven  before  igniting  in  the  muffle.  The  remaining 
six  observations  gave  the  subjoined  results. 

The  assumptions  made  in  the  calcalations  were  these  : — 

grams. 
1  litre  of  air  at  0"  C.  and  760  mm.  pressure  weighs  l*29o 
Correction   for  1   gram   (]SrH4)>Cr307   at  standard 

atmosphere 0'000446 

Correction   for    1   gram    Cr.,03   at   standard   atmo- 
sphere   ^. '. 0-0001 

Atomic  weight  of  0 =:15'96 

Atomic  weight  of  N =14'02 

Atomic  weight  of  H ,       =   I'OO 

I  give  the  experimental  results  and  tlie  value  for  the  atomic  weight 
of  chromium  deduced  from  each  of  them. 


Weight  of 

(NH,).,Cr.,07 

(corrected) . 

101275 

Weight  of 

Cr.,03 
(corrected) . 

0-61134 

Eatio  of 
Or  :  H. 

52-130 

1-08181 

0-05266 

52-010 

1-29430 

0-78090 

52-020 

1-13966 

0-68799 

52-129 

0-98778 

059595 

52016 

1-14319 

0-68987 

52-059 

General  mean  . .  . 

. .      62-0(;i 

Maximum  difference.        0-120 
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From  this  it  will  be  seen  that  my  experiments  give  results  corre- 
sponding' to  tte  lower  limit  for  the  atomic  weight  of  this  element,  and 
further,  make  the  value  approximate  very  closely  to  a  whole  number. 
I  do  not  know  of  any  constant  source  of  error  in  my  experiments. 
The  only  point  in  which  there  might  be,  perhaps,  a  risk  of  loss,  is 
in  the  ignition  of  the  mixture  of  chromium  hydrate  and  ammonium 
chloride,  with  the  loss  of  a  little  of  the  chromium  oxide  as  the 
ammonium  chloride  volatilises. 

I  have  never  had,  however,  any  gi-ound  whatever  for  supposing 
that  such  was  the  case,  and  further,  the  platinum  covers  loosely  fitted 
to  the  dishes  would,  I  think,  practically  remove  even  the  chance  of 
any  such  source  of  loss.  The  appearance  of  the  residue,  also,  did  not 
lend  itself  to  any  supposition  of  this  kind. 


XXVIII. — Tlie  Decomposition  of  Carbon  Bisulphide  hy  Shock. 
(J.  Lechire  Experiment.) 

By  T.  E.  Thoepe,  F.R.S. 

It  is  usually  stated  in  the  text-books  that  only  one  compound  of 
carbon  and  sulphur  is  known,  viz.,  carbon  disulphide,  but  the  investi- 
gations of  Hermann,  Guignet,  Low,  Sidot,  and  Raab  have  rendered  it 
certain  that  several  sulphides  of  carbon  exist.  The  accounts  which 
have  been  given  of  the  natni'e  and  composition  of  these  substances 
are,  however,  somewhat  conflicting,  and  this  fact  induced  me,  some 
little  time  since,  to  begin  some  experiments  with  a  view  of  obtaining 
furthei-  evidence  on  the  subject. 

Low  obtained  a  sesquisulphide,  C2S3,  by  the  action  of  sodium- 
amalgam  on  carbon  disulphide,  and  Raab  prepared  a  compound,  C5S2, 
which  he  termed  pentacarhon  sulphide,  by  the  action  of  sodium  alone 
on  the  disulphide.  One  diflBculty  attending  the  use  of  the  amalgam 
consists  in  the  necessity  of  removing  the  mercury,  and  this,  in  Low's 
process,  involves  the  employment  of  sulphuretted  hydrogen ;  in  the 
other  method  the  sodium  becomes  gradually  coated  with  a  thin  crust 
of  the  product,  and  the  action  ceases  after  a  time.  It  occurred  to  me 
that  possibly  better  results  might  be  obtained  by  the  use  of  the  fluid 
alloy  of  potassium  and  sodium,  which  is  very  mobile,  and  which,  it 
was  hoped,  could  be  readily  detached  from  the  incrustiug  mass  by 
shaking,  and  thus  cause  fresh  sui-faces  of  the  mixed  metals  to  be 
exposed  to  the  action  of  the  disulphide.      Accordingly,  as  a  prelimi- 
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nary  expei'iment,  I  treated  a  small  quantity  of  rectified  carbon  disnl- 
pliide,  dehydrated  by  phosphorus  pentoxide,  with  a  tew  grams  of  the 
fluid  alloy  made  by  squeezing  the  two  metals  together  through  a 
sodium- press.  After  standing  for  a  few  hours,  considerable  quan- 
tities of  a  yellowish-brown  powder  were  seen  to  have  incrusted  the 
globules  of  the  alkaline  alloy ;  but  on  shaking  the  bottle  to  detach 
the  crust,  the  contents  exploded  with  a  loud  report,  and  my  hand 
was  coated  with  a  black  deposit  apparently  consisting  of  finely  divided 
cai'bon. 

Further  experiments  on  the  yellowish-brown  powder  showed,  in 
fact,  that  it  is  highly  explosive  ;  on  simply  pressing  a  few  particles  of 
it  with  a  glass  rod,  it  detonates  with  even  more  violence  than  diamine 
diiodide  (iodide  of  nitrogen). 

On  reflecting  on  the  circumstances  of  the  explosion,  it  seemed  to 
me  that  the  deposit  of  carbon  on  my  hand  was  far  larger  than  could 
possibly  have  come  from  the  decomposition  of  the  yellowish-brown 
powder  itself.  The  only  other  substance  present  which  could  have 
furnished  such  a  deposit  Avas,  of  course,  the  carbon  disulphide.  N^ow, 
carbon  disalphide  is  an  endothermic  compound :  when  formed  from 
its  elements,  and  as  liquid,  it  absorbs,  according  to  Thomsen, 
iy,610  calories.  Hence  it  was  not  improbable  that  it  would  be  found 
to  behave  like  acetylene,  cyanogen,  nitric  and  nitrous  oxides,  the 
oxides  of  chlorine,  &c.,  and  experience  decomposition  by  sudden  and 
violent  shock.  On  this  supposition,  the  carbon  disulphide  had  in  all 
probability  been  resolved  into  its  elements  by  the  violent  explosion  of 
the  relatively  small  quantity  of  the  yellowish-brow'n  powder,  just  as 
Berthelot  has  shown  that  acetylene  and  cyanogen  may  be  so  resolved 
by  the  explosion  of  mercuric  fulminate.  A  very  few  trials  proved 
that  this  was  actually  the  case,  and  as  the  experiment  forms  an 
exceedingly  easy  and  perfectly  safe  method  of  demonstrating  the 
resolution  of  an  endothermic  compound  by  shock,  as  a  class  illustra- 
tion, I  venture  to  bring  it  under  the  notice  of  the  Society. 

The  apparatus  required  consists  simply  of  a  thick  glass  tube  about 
600  mm.  long  and  15  mm.  wide,  fitted  at  one  end  with  a  caoutchouc 
cork  through  which  pass  two  stout  wires  or  thin  rods.  On  the  end 
of  one  w^ire  is  fixed  a  small  brass  or  iron  cup  like  that  of  an  ordinary 
deflagrating  spoon,  and  the  other  is  so  bent  as  to  nearly  touch  (to 
within  2  or  o  mm.)  the  bottom  of  the  cup  in  which  is  placed  about 
O'OS  gram  of  mercuric  fulminate.  The  cork  is  now  fixed  tightly  into 
the  tube,  and  a  piece  of  paper,  slightly  longer  than  the  tube,  is 
moistened  with  carbon  disulphide  and  placed  within  the  tube,  whicb 
is  supported  at  an  angle  of  about  45''  by  means  of  a  clamp  and  retort 
stand.  After  a  minute  or  so,  the  tube  will  be  practically  filled  with, 
the  vapour  of   carbon  bisulphide,  and  the  paper  may  be  withdrawn. 
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On  passing^  a  spark  from  a  Rulamkorff  coil  placed  in  connection  with 
tlie  wires  running  through  the  cork  the  fulminate  explodes,  and  the 
internal  walls  of  the  tube  are  seen  to  be  lined  with  a  deposit  of  soot 
mixed  with  a  small  quantity  of  mercuric  sulphide  and  free  sulphur. 

Similar  effects  are  obtained  by  filling  the  tube  with  a  mixture  of 
carbon  disulphide  vapour  and  nitrogen  or  carbon  dioxide,  and  then 
passing  the  spark.  In  these  cases  the  deposit  of  carbon  is  compara- 
tively dense,  lustrous,  and  coherent. 

Only  a  very  small  quantity  of  mercuric  fulminate  is  required  to 
initiate  the  decomposition,  and  this  fact  serves  to  support  Berthelot's 
theory  of  the  nature  of  the  change.  The  shock  of  the  explosion 
communicates  to  the  layer  of  the  gaseous  molecules  in  immediate 
proximity  to  the  fulminate  an  enormous  active  force,  whereby  the 
"  molecular  edifice  "  is  shaken  to  pieces,  and  the  initial  active  force  is 
augmented  to  a  degree  corresponding  to  the  heat  evolved  by  the 
decomposition  of  the  gas.  A  new  shock  is  thereby  produced  in  the 
next  layer,  and  the  action  is  repeated  and  so  propagated  until  the 
molecular  system  is  completely  destroyed  (compare  Berthelot,  Bull. 
Soc.  Chim.,38,  5—8). 

Attempts  to  bring  about  this  decomposition  by  the  use  of  other 
explosive  agents  than  the  yellowish-brown  powder  and  the  fulminates 
have  not  hitherto  been  successful.  Mr.  G.  S.  N^ewth,  my  lecture 
assistant,  has  tried  for  me  the  action  of  gunpowder,  mixtures  of 
potassium  chlorate  and  phosphorus,  of  potassium  chlorate  and 
ammonium  picrate,  acetylide  of  copper,  diamine  diiodide  (iodide 
of  nitrogen),  Berthollet's  detonating  silver,  mixtures  of  oxygen 
and  hydrogen,  oxygen  and  carbon  disulphide  vapour — all  of  which 
may  be  fired  by  the  electric  spark,  but  the  explosion  of  these  agents 
has  apparently  no  decomposing  effect  on  the  carbon  disulphide 
vapour.  A  minute  fragment  of  the  yellowish-brown  powder  placed  in  a 
tube,  filled  with  carbon  disulphide  vapour  and  rubbed  with  a  glass  rod 
exploded  with  great  violence,  and  occasioned  an  abundant  deposit  of 
carbon  and  sulphur  on  the  walls  of  the  tube.  It  appeared  as  if  the 
free  sulphur  existed  for  some  little  time  as  a  gas,  for  it  was  mainly 
deposited  in  the  upper  portion  of  the  tube,  whereas  the  great  bulk  of 
the  carbon  settled  near  the  bottom. 

As  to  the  nature  of  the  yellowish-brown  powder,  I  am  as  yet  only 
able  to  offer  conjectures.  It  may  be  a  compound  of  carbon  monosul- 
phide  and  potassium,  analogous  to  that  formed  by  the  action  of 
carbon  monoxide  and  potassium.  There  is  some  ground  for  the 
belief  that  the  highly  explosive  character  of  the  latter  substance  is 
really  due  to  the  formation  of  potassium  acetylide  produced  by  the 
action  of  moist  air  upon  it.  That  the  compound  of  carbon  monoxide 
and  potassium,  when  thrown  into  water,  detonates  with  great  violence 
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and  with  the  evolution  of  acet3^1ene  is  well  known  ;  indeed  it  was  by 
this  action  that  John  Davy  fii-st  isolated  acetylene.  In  the  case  of 
the  compound  formed  by  the  action  of  carbon  bisulphide,  thei'e  can, 
however,  be  no  suspicion  of  the  presence  of  hydrogen. 


XXIX. — Some  Compounds  of  Trihemylphosphine  Oxide. 

By  Norman  Collie,  Ph.D.,  F.R.S.E. 

In  a  paper  by  Professor  Letts  and  myself,  "On  the  Action  of 
Phosphide  of  Sodium  on  Haloid  Ethers  and  on  the  Salts  of 
Tetrabenzylphosphonium  "  (Trans.  Roy.  Soc.  Edin.,  30,  Part  1,  181), 
we  showed  how  the  oxide  of  tribenzylphosphiue  could  be  easily 
obtained  from  chloride  of  tetrabenzylphosjihonium  ;  and  some  of  its 
compounds  were  prepared.  In  this  paper  the  action  of  nitric  acid 
and  sulphuric  acid  on  oxide  of  tribenzylphosphine  will  be  described, 
and  also  the  combinations  it  forms  with  hydrogen  chloi'ide  and  with 
acetyl  chloride. 

The  oxides  of  tertiary  phosphines  belong  to  a  somewhat  remarkable 
class  of  compounds.  They  are  among.st  the  most  stable  substances  to  be 
met  with  in  the  whole  range  of  organic  chemistry  ;  they  are  usually 
unacted  on  by  such  reagents  as  sodium,  fuming  nitric  acid,  and  penta- 
chloride  of  phosphorus,  they  are  neutral  in  their  action  on  litmus- 
paper,  yet  they  unite  witb  acids,  such  as  hydrochloric  or  hydrobromic 
acid,  with  the  greatest  ease  to  form  well-characterised  compounds  ;  and 
they  also  combine  with  metallic  chlorides,  iodides,  &c.,  forming  double 
salts,  an  excellent  example  of  which  is  the  beautifully  crj-stalline 
compound  which  triethylphosphine  oxide  forms  with  zinc  iodide, 
■2(C2H5)3PO,Znl2,  first  obtained  by  Hofmann  ;  and  although  no  definite 
combination  of  a  phosphine  oxide  with  a  base  is  known,  yet  if  strong 
caustic  soda  be  added  to  an  aqueous  solution  of  triethylphosphine 
oxide,  an  oily  layer  separates  which  contains  a  very  large  quantity  of 
sodium  hydroxide,  and  which  may  possibly  be  a  definite  compound  of 
the  two. 

I  have  now  prepared  compounds  which  show  that  in  certain  cases 
the  phosphine  oxides  may  also  be  compared  with  hydrocarbons,  as 
they  yield  sulpbonic  acids  and  nitro-derivatives  when  treated  with 
sulphuric  acid  or  nitric  acid.  The  study  of  these  combinations  of  the 
oxides  of  the  tertiary  phosphines  with  acids,  salts,  and  other  sub- 
stances, does  not  at  first  sight  appear  to  be  of  mucb  interest,  owing 
to  our  inability  to  express  the  resulting  formulae  of  the  compounds 
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graphically,  unless  pliospliorus  be  taken  as  more  than  pentavalent ; 
yet  the  great  stability  of  some  of  the  componnds  formed  makes  this 
study  one  of  interest,  and  certainly  seems  to  point  to  the  combination 
being  something  more  definite  than  that  which  occurs  in  the  case  of 
ordinary  double  compounds,  which  are  easily  decomposed  when  dis- 
solved or  by  heating.  For  example,  when  gaseous  hydrogen  bromide 
is  passed  into  melted  oxide  of  triethylphosphine,  it  is  absorbed  with 
the  evolution  of  much  heat,  and  a  definite  crystalline  substance  is 
formed,  which  distils  constantly  at  a  temperatui'e  as  high  as 
303—808°  (Letts,  Trans.  Boy.  Soc.  Edin.,  30,  Part  1,  332),  and  which 
has  the  formula  4(C2H5):jPO,3HBr.  This  compound,  even  when  dis- 
tilled under  reduced  pressure,  contains  identically  the  same  amount 
of  hydrogen  bromide.  Again,  all  oxides  of  tertiary  phosphines  form 
well-marked  platinochlorides  of  the  unusual  formula  4<RaPO,HoPtCl6, 
although  the  compound  of  the  oxide  itself  with  hydrogen  chloride 
is  analogous  to  the  hydrogen  bromide  compound,  and  has  the  formala 
4R3P0,3HC1. 

Some  of  the  combinations  of  tribenzylphosphine  oxide  have  already 
been  prepared  by  Professor  Letts  and  myself.  The  platinoohlo- 
ride,  4(C7H7)3PO,H2PtCl6,  and  also  a  compound  with  bromine, 
5(C7H7)3PO,4Bro,  were  obtained,  and  a  sulphur  compound, 
5(C7H7)3PO,S,  was  pi^oduced  by  heating  the  oxide  with  flowers  i)f 
sulphur.  Fleissner  (Ber.,  13,  1665)  has  also  prepared  a  large  number 
of  double  compounds  of  the  oxide  with  metallic  salts. 

During  my  experiments  with  tribenzylphosphine  oxide  I  have 
found  it  to  be  one  of  the  least  stable  of  this  class  of  compounds. 
When  fused  with  sodium,  the  oxygen  is  certainly  removed  from  the 
molecule,  but  owing  to  the  high  temperature  further  decomposition 
occurs.  It  can  also  be  partially  oxidised  to  phosphoric  acid,  when 
boiled  with  fuming  nitric  acid  and  chlorate  of  potassium,  or  when 
warrned  with  a  strong  alkaline  solution  of  permanganate  of  potassium. 
Chromic  acid  is,  however,  without  action  on  it.  It  dissolves  readily 
in  warm  oil  of  vitriol  without  change,  but  if  fuming  nitric  acid  be 
carefully  added  to  this  solution  a  triuitro-derivative  is  produced, 

(C,H7)3PO  -f  3HNO3  =  (C7H6-N02)3PO  +  3H.,0. 

This  nitro-cnmpound  is  oxidised  by  permanganate  of  potassium, 
yielding  paranitrobenzoic  and  phosphoric  acids,  thus  showing  that 
the  nitro-groups  are  in  the  para-position. 

The  trinitro-compound,  when  treated  with  tin  and  fuming  hydi'O- 
chloric  acid,  is  probably  reduced  to  a  triamido-derivative,  which  does 
not  seem  to  form  salts,  it  is,  therefore,  not  of  a  basic  character,  and 
is  unlike  the  corresponding  derivative  obtained  by  Wichaelis  and 
H.  V.  Soden  (Ber.,  17,  921)  from  the  oxide  of  triphenylphosphine. 
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The  oxide  of  tribenzylphosphine  when  dissolved  in  warm  sulphuric- 
acid  is  reprecipitated  on  diluting  the  solution  with  water,  but  if  the 
mixture  be  heated  to  150 — 170°,  and  water  added  when  it  is  cold,  the 
solution  remains  clear  and  contains  a  sulphonic  acid, 

(CHOsPO  +  3H,S04  =  (C,H6-S03H),PO  +  3H,0. 

This  acid  forms  a  soluble  barium  salt,  from  which  the  acid  can  be 
obtained.  The  aqueous  solution  of  the  acid  evaporated  in  a  vacuum 
dries  up  to  a  semi-crystalline  mass.  In  this  case  also,  the  new  groups 
taken  up  by  the  molecule  are  in  the  para-position,  for  on  oxidation 
parasnlphobenzoic  acid  is  obtained. 

Tribenzylphosphine  oxide  greedily  absorbs  gaseous  hydrogen  chloride, 
forming  a  compound,  4(C7H7)3P0,3HC1,  but  this  is  unstable,  and 
when  heated  parts  with  hydrogen  chloride. 

Acetyl  chloride  also  unites  with  the  oxide,  giving  a  compound, 
(C7H7)3,PO,CH3-COCl.     This  substance  also  dissociates  when  heated. 

The  Action  of  Nitric  Acid  on  Trihenzylphosphine  Oxide. 

Some  pure  oxide  of  tribenzylphosphine  was  dissolved  in  strong 
sulphuric  acid,  care  being  taken  not  to  allow  the  temperature  to  rise ; 
excess  of  strong  nitric  acid  was  then  carefully  added,  and  the  whole 
poured  into  water.  A  white,  flocculent  precipitate  was  obtained, 
which  was  washed  with  water,  dissolved  in  hot  glacial  acetic  acid, 
and  again  precipitated  by  water.  Thus  prepared  it  formed  a  white, 
amorphous  substance,  which  scarcely  showed  any  signs  of  crystallisa- 
tion. On  heating,  it  melts  at  about  100°,  and  at  higher  temperatures 
suddenly  deflagrates,  leaving  a  mass  of  carbon.  An  analysis  gave 
the  following  results  : — 

I.  0'311  gram  substance  gave  0"626  gram  CO2  and  O'lOl  gram 

H.O. 
II.  0"487  gram  substance    gave    38-2   c.c.  of  nitrogen   at  13°   and 
745  mm.  pressure. 

Found. 
f * ^  Calculated  for 

I.  n.  {c,u,}io,hvo. 

C    54  89  —  55-38 

H 3-60  —  3-95 

N —  9-07  9-23 

The  trinitro-derivative  of  the  oxide  remains  unchanged  when 
boiled  with  chromic  acid,  but  a  warm  alkaline  solution  of  perman- 
ganate of  potassium  oxidises  it  at  once.  On  the  addition  of  an  acid 
to  this  solution,  awbite,  crystalline  precipitate  separates  immediately. 
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This  by  reerystallisation  from  dilute  alcohol  may  be  obtained  in  tlie 
form  of  leafy  plates  melting  at  231°.  It  is  acid  to  litmns-papei'.  It 
was  converted  into  the  silver  salt  and  analysed. 

0"230  gram  salt  gave  0-0920  Ag  =  400  per  cent.  Ag. 
Theory  for  NO.-CeHi'COOAg       =  39-4 

The  melting  point  of  paranitrobenzoic  acid  is  234°  unconnected,  thus 
showing  without  doubt  that  the  crystals  obtained  were  that  sub- 
stance. 

Some  of  the  trinitro- derivative  was  warmted  with  strong  hydrochloric 
acid  and  tin.  It  slowly  dissolved,  and  after  the  solution  had  been 
freed  from  tin  by  sulphuretted  hydrogen  a  white,  flocculent  precipi- 
tate was  obtained  on  the  addition  of  sodium  hydroxide.  Several 
attempts  were  made  to  obtain  this  substance  in  a  state  of  purity,  but 
without  success ;  the  analyses  did  not  agree  amongst  them.selves  nor 
with  the  numbers  required  for  a  triamido-derivative  of  the  oxide,  but 
as  the  substance  no  longer  deflagrated  when  heated,  it  certainly  was 
not  the  original  nitro-derivative. 

Action  of  Sulphuric  Acid  on  Trihenzylphospliine  Oxide. 

The  oxide  when  dissolved  in  strong  sulphuric  acid  does  not  react 
unless  the  temperature  be  raised  above  100°  ;  between  150°  and  170°  the 
whole  of  the  oxide  is  readily  converted  into  a  sulphonic  acid.  This 
acid  is  soluble  in  water,  and  can  be  separated  from  the  excess  of  sul- 
phuric acid  (in  the  form  of  a  soluble  barium  salt)  by  the  addition  of 
barium  hydroxide.  The  acid  itself  is  semi-crystalline,  and  dries  up 
to  a  syrup  over  sulphuric  acid.  The  barium  salt  is  also  soluble  in 
water  and  uncrystallisable,  but  can  be  obtained  pure  by  the  evapora- 
tion of  an  aqueous  solution.  The  silver  salt  is  thrown  down  as  a 
flocculent,  white  precipitate  when  a  strong  solution  of  the  barium 
salt  is  added  to  nitrate  of  silver.  The  copper  salt  is  green  in  colour 
and  soluble  in  water ;  the  lead  salt  is  also  soluble. 

An  analysis  of  the  barium  salt  gave  the  following  results  : — 

0-5905  gram    salt    dried   at    120°    gave    0-200    BaSO^  =  19-9  per 
cent.  Ba. 

This  agrees  with  the  amount  of  barium  required  by  the  monacid 
salt  (C,H6-S03)2Ba(C,H6-S03H)PO,  which  is  199  per  cent.  Ba,  while 
the  amount  of  barium  contained  in  the  normal  salt  (C7H6"S03)6Ba3P20j 
is  269  per  cent.  Ba. 

A  determination  of  sulphur  was  also  made  in  the  barium  salt. 

0-422  gram  salt  gave  0-410  gram  BaS04  =  13-6  per  cent.  S. 

Calculated  for  (C,H6-S03)2Ba(C7H6'S03H)PO  =  13-8 
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Tlie  sulplionie  acid,  like  tlio  iiitro-compouiid,  is  not  oxidised  by 
cliroinie  aeid  solution,  but  it  is  when  warmed  with  an  alkaline  solu- 
tion of  permanganate  of  potassium.  The  acid  obtained  from  this 
solution  crystallises  in  needles,  which  decompose  when  heated  to 
1'J0°.  Whether  they  were  parasulphobenzoic  acid  or  not  it  is  impossible 
to  say  with  certainty,  owing  to  the  small  amount  under  examination. 
But  pai'asulphobenzoic  acid  melts  at  20U°  with  decomposition. 

Action  of  Hydrogen  Chloride  on  Trihenr.tjiphospliine  Oxide. 

When  warmed  with  an  aqueous  solution  of  hydrogen  chloride, 
the  oxide  remains  unchanged,  but  if  a  current  of  the  dry  gas  be 
passed  over  the  finely  powdered  oxide,  it  is  readily  absorbed,  and  a 
compound  is  obtained  Avhich  is  unchanged  when  exposed  to  the  air. 
It  decomposes  into  tribenzylphosphine  oxide  and  hydrogen  chloride 
when  heated  or  when  boiled  with  water. 

0'5955  gram  salt  took  13'0  c.c.  AgNOa  decinormal  solution  = 

77  per  cent.  CI. 
Theory  required  by  4(C7H03PO,3HC1  =  I'Q  per  cent.  CI. 

A  similar  compound  is  formed  when  hydrogen  bromide  is  used. 

If  acetyl  chloride  be  added  to  a  solution  of  the  oxide  in  acetic 
acid,  and  the  solution  be  slowly  evaporated,  a  crystalline  salt  will 
separate  out,  which  is  a  definite  compound  of  acetyl  chloride  and 
the  oxide.  It  is  decomposed  by  boiling  water  or  by  solution  of 
sodium  hydroxide,  and  when  heated  it  splits  up  into  acetyl  chloride 
and  the  oxide. 

On  analysis,  it  gave  the  following  result: — 

O'GOl  gram  salt  took  lo"0  c.c.  AgNOs  decinormal  =  8"8  p.  c.  CI. 
Calculated  for  (CjH^jaPOCHa-COCl  =  89       „ 


XXX. — The  Constitution  of  Primuline  and  Allied  Suljjhur  Compounds. 
By  Arthur  G.  Green,  F.I.C. 

In  February,  1887,  I  found  that  by  heating  paratoluidine  wdtli 
sulphur  in  the  propoi-tion  of  from  4  to  5  atoms  of  the  latter  to  2  mols. 
of  the  former,  a  product  was  obtained  which  consisted  of  a  mixture  of 
at  least  two  bases  containing  sulphur.  The  sulphonic  acid  of  the 
more  complex  of  these  two  bases  had  the  pecu'iar  property  of  dyeing 
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xmrnordanted  cotton  primrose-yellow,  and  was  capable  of  being 
diazotised  within  the  fibre,  and  of  combining  with  amines  and  with 
phenols.  This  product  was  put  upon  the  market  by  Messrs.  Brooke, 
Simpson,  and  Spill er,  Limited,  under  the  name  of  "  Primuline  " 
(Journ.  Soc.  Chem.  Ind.,  1888,  179),  and  is  largely  employed  in 
cotton  dyeiTig  on  account  of  the  great  range  of  fast  shades  that  may 
be  obtained  with  it.  It  now  appears  in  the  market  under  a  variety 
of  names,  such  as  "  polychromine,"  "  thiochromogen,"  "  sulphine," 
"aureoline,"  "  cham£eleon-yellow,"  "carnotine,"  &c.  Since  the  dis- 
covery of  the  peculiar  behaviour  of  paratoluidine  with  sulphur,  I  have 
been  constantly  engaged  in  attempting  to  elucidate  the  very  compli- 
cated reactions  which  take  place ;  and  although  I  have  not  yet  been 
able  to  determine  with  certainty  the  formula  of  primuline,  I  have 
gained  considerable  insight  into  the  constitution  of  the  entirely  new 
class  of  compounds  to  which  it  belongs.  Any  incompleteness  in  the 
present  work  must  be  excused,  on  the  ground  that  its  publication  has 
been  hastened  by  the  recent  appearance  in  the  Berichle  of  researches 
on  the  same  subject,  in  which  some  of  my  results  have  been  fore- 
stalled. 

Action  of  Sulphur  on  Paratoluidine. 

In  1872,  Merz  and  Weith  {Ber.,  4,  .393)  showed  that  by  heating 
pai^atoluidine  with  sulphur  in  presence  of  oxide  of  lead,  thiopara- 
toluidine  (diamidoditolyl  sulphide)  [C6H:j(CH3)-NHo].S,  was  obtained, 
but  since  that  time  no  other  investigation  has  been  published  on  the 
subject.  When  oxide  of  lead  is  not  employed,  no  reaction  takes  place 
at  140°,  but  at  a  higher  temperature,  175°  and  upwards,  hydrogen 
sulphide  is  evolved  freely,  and  the  reaction  takes  quite  a  different 
course.  By  heating  2  mols.  of  paratoluidine  with  4  atoms  of  sulphur 
for  about  10  hours,  the  loss  of  hydrogen  sulphide  corresponds  exactly 
with  the  equation — 

aCHgN  -f  4S  =  CuH.o^.S  +  3HoS. 

The  product  is  not  homogeneous,  but  consists  of  about  50  per  cent, 
of  a  base,  CuHjoNoS  (dehydrothiotoluidine),40  percent,  of  primuline- 
base,  and  10  per  cent,  of  unaltered  paratoluidine.  If  a  smaller 
proportion  of  sulphur  is  employed,  a  large  quantity  of  the  toluidine 
remains  unaltered,  whilst  the  dehydrothiotoluidine,  CuHnNoS,  is  still 
the  main  product,  accompanied  by  a  greatly  diminished  amount  of 
primuline  base  and  a  certain  quantity  of  thiotoluidine. 

Dehydrothiotoluidine,  C14H10N2S. 

Several  methods  can  be  employed  for  the  isolation  of  this  base,  the 
most  convenient  being  the  extraction  of  the  melt  by  boiling  it  with 
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hyclrooliloric  acid  diluted  with  1^  times  its  bulk  of  watoi-,  precipitat- 
ing the  base  with  caustic  soda,  distilling  it,  and  finally  crystallising 
from  amyl  alcohol.  By  this  method  a  very  good  yield  of  the  pure 
base  is  obtained,  whereas,  if  crystallisation  alone  is  emplovcd,  without 
previously  distilling,  a  pure  product  can  only  be  obtained  with 
difficulty  and  in  small  quantity.  Another  convenient  method  of 
isolating  the  base  consists  in  employing  twice  the  theoretical  quantity 
of  toluidine,  and  mixing  the  warm  melt  with  benzene  and  light  petro- 
leum :  on  cooling,  the  dehydrothiotoluidine  ciystalliscs  out,  whilst 
the  thiotoluidine  and  excess  of  pai^atoluidine  remain  in  solution. 
On  analysis  the  base  gave  the  following  numbers  : — ■ 

Foimd. 
CiilcTilntefl  for  ,, * ^ 

CnH,,N2S.  T.  n.         in. 

S i:i-36  13-28       13-64      13-77 


The  dehydrothiotoluidine  is  a  most  beautiful  compound  :  it  crystal- 
lises from  amyl  alcohol  in  lung,  yellowish,  iridescent  needles ;  it 
melts  at  191°  (uncorr.),  and  boils  with  very  little  decomposition  at 
434°  (uncorr.)  under  766  mm.,  B.P.  It  is  very  soluble  in  acetic 
acid,  tolei^ably  soluble  in  hot  amyl  alcohol,  less  readily  in  hot  ethyl 
alcohol,  and  only  sparingly  in  benzene  ;  in  boiling  water,  it  dissolves 
to  the  extent  of  about  1  part  in  20,000.  Its  alcoholic  and  aqueous 
solutions  have  a  beautiful  violet-blue  fluorescence,  which  also  cha- 
racterises all  its  derivatives.  It  dissolves  in  hydrochloric  acid, 
forming  the  dihydrochloride,  and  on  adding  water  a  yellow  pre- 
cipitate of  the  monohydrochloride  is  formed.  Dehydrothiotoluidine 
is  a  very  stable  compound :  its  sulphur  cannot  be  removed  or  dis- 
placed by  any  of  the  usnal  reactions  for  removing  sulphur  from 
organic  sulphides. 

When  absorbed  by  the  skin,  it  produces,  in  certain  people,  severe 
irritation,  resembling  eczema,  an  observation  which  has  also  been 
made  by  Hofmann  with  regard  to  several  other  sulphur  compounds. 
When  boiled  with  zinc-dust  and  hydrochloric  acid,  it  is  reduced  to  a 
base  of  totally  different  properties  which  I  have  not  yet  had  time  to 
investigate.  On  distillation  with  zinc-dust  (10  parts),  paratoluidine 
is  regenerated.  When  heated  with  more  sulphur,  it  gives  primu line- 
base.  By  titrimetric  diazotisation,  using  starch  and  potassium  iodide 
as  an  indicator,  it  gave  the  following  numbers,  which  prove  it  to  con- 
tain only  one  NH2-group  : — 

Found, 

Calculated  for  f ' «, 

ChHioSNNHo.  I.  IL  III. 

Weight  of  NaNO.  correspond- 1    ^.2g7  0.29       Q'SO       0-31 

ing  to  1  gram  of  base J 
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That  the  other  nitrogen  atom  lias  no  hydrogen  directly  united  to  it 
was  proved  by  the  fact  that  the  base  can  only  form  a  moii acetyl- deriva- 
tive. The  diazochloride  is  readily  soluble  in  water,  forming  an  orange- 
yellow  solution,  whicli  is  perfectly  stable  at  ordinary  temperatures  ; 
the  diazosodium  suli^hite  is  insoluble.  By  combination  of  the  diazo- 
compound  with  sulphonic  acids  of  a-  and  /3-naphthylamine,  azo- 
eolours  are  produced  which  are  capable  of  dyeing  unmordanted  cotton 
from  an  alkaline  bath,  a  property  which  has  hitherto  only  been 
observed  in  azo-compounds  derived  from  diamido-compounds. 

Acetyldehydrothiotoluidine,  CuHioSlS^'NH'CO-CHa. 

This  compound  was  prepared  by  boiling  a  strong  acetic  acid  solu- 
tion of  the  base  with  excess  of  acetic  anhydride.  It  forms  small, 
white  prismatic  crystals  which  melt  at  227°  (uucorr.).  It  is  sparingly 
soluble  in  acetic  acid,  almost  insoluble  in  alcohol.  On  hydrolysis 
with  sulphuric  acid,  distillation,  and  titration  of  the  acetic  acid 
formed,  it  gave  : — 

Calculated  for 
C14H10SNXHCOCH3.         Found. 

C0H3O 15-25  15-76 

The  acetyl-derivative  combines  with  bi-omine  to  form  an  unstable 
addition-product ;  this  separated  as  a  yellow  precipitate  on  adding 
bromine  to  an  acetic  acid  solution  of  the  acetyldehydrothiotoluidine. 
It  is  a  very  unstable  compound,  evolving  bromine  when  heated,  and 
even  on  boiling  with  water. 

DimethyldeJiydrothiotoluidine,  Ci4HioSN"'N(CH3)2. 

This  compound  was  prepared  by  heating  dehydrothiotoluidine  with 
methyl  iodide,  or  by  heating  the  hydrochloride  with  methyl  alcohol 
at  120 — 150°.  It  forms  yellowish-white,  flattened  needles  or  plates, 
somewhat  sparingly  soluble  in  alcohol.  It  melts  at  196 — 197^,  and 
boils  at  about  the  same  temperature  as  dehydrothiotoluidine.  It  dis- 
solves readily  in  strong  hydrochloric  acid,  forming  a  light  yellow 
solution  of  the  dihydrochloride,  which  is  decomposed  on  addition  of 
water  with  formation  of  a  yellow  precipitate  of  the  monohydro- 
chloride. 

The  trimefhylammoniuvi  iodide  and  chloride,  CuHioSN*N(CH3)3l  and 
CuHioSN'N(CH3)3CI,  are  very  remarkable,  as  they  possess  strong 
tinctorial  powers.  They  are  formed  together  with  the  dimethyl- 
derivative  by  heating  dehydrothiotoluidine  with  methyl  iodide  and 
methyl  alcohol,  or  with  methyl  alcohol  and  hydrogen  chloride  at 
150 — 200°.      The    chloride    and   iodide   are    bright   yellow  powders. 
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readily  soluble  in  water  to  yellow  solutions,  from  which  wool,  silk, 
and  cotton,  mordanted  with  tannin,  are  dyed  a  pure  yellow  of  exactly 
the  same  shade  as  auramine.  The  colour  on  silk  has  a  beautiful 
green  fluorescence.  The  aqueous  solution  of  the  chloride  gave  with 
platinic  chloride  a  crystalline  orange  precipitate  of  the  platinochloi-ide 
[CiiH,„SN-N(CH3);iCl],.PtCl4.  The  platinochloride  melts  witli  decom- 
position at  231 — 234;°,  and  on  ignition  gave  the  following  numbers  : — 

Found. 

Calculated  for  / '• ^ 

[CuHioNS-N(CH;,)3Cl].>,PtCl4.         1.  IL 

Pt 2U-U2  20-19         20-02 

On  heating  the  iodide  it  melts  Avith  evolution  of  methyl  iodide, 
leaving  a  residue  of  dimethyldehydrothiotoluidine,  Ci4HioSX*N(CH;j).,. 
The  yellow  solutions  of  the  iodide  and  chloride  are  nearly  decolorised 
on  adding  an  excess  of  mineral  acid,  probably  from  formation  of 
di-acid  salts ;  on  dilution,  the  yellow  colour  x-eturns.  The  solutions  of 
the  iodide  and  chluride  give  a  white,  flocculeut  precipitate  of  the 
hydroxide  on  adding  caustic  soda ;  this  redissolves  in  excess,  forming 
a  colourless  solution  (probably  the  natroxide,  CuHioSN-]N'(CH3)30Na). 
From  the  alkaline  solution,  the  hydroxide  is  again  precipitated  on 
neutralisation  with  carbonic  acid  or  acetic  acid.  The  freshly  pre- 
cipitated hydroxide  is  readily  soluble  in  dilute  mineral  acids  with 
production  of  bright  yellow  crystalline  salts.  If  the  hydroxide  is 
dried  for  a  few  hours  at  80 — 90",  it  entirely  changes  its  properties, 
being  couverted  into  the  dimethyldehydrothiotoluidine,  melting  at 
197°,  described  above. 


Deliydrotliiotoluidinemonosidiihonic  Acid,  CiiH9SN'(N'H2)*SOaH. 

This  sulphonic  acid  was  prepared  by  slowly  adding  sulphuric  an- 
hydride (containing  70  per  cent,  of  free  8O3)  to  a  solution  of  dehy- 
dx'othiotoluidine  in  5  parts  of  ordinary  sulphuric  acid,  keeping  the 
temperature  below^  50°.  The  solution  was  poured  into  cold  water, 
aud  the  insoluble  sulphonic  acid  collected  and  washed.  It  was  then 
suspended  in  boiling  water  and  neutralised  with  ammonia,  when  the 
sparingly  soluble  ammonium  salt  crystallised  out ;  the  yield  was 
nearly  theoretical. 

On  analysis,  the  dry  ammonium  salt  gave  the  following  num- 
bers : — 

Found. 

Calculated  for  , '• -^ 

ChH9SN(NHo)S03NH4.  I.  IL  IIL 

S 18-9  18-56       18-7       18-58 
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By  titrlmetric  diazotisation  tlie  following  numbers  were  ob- 
tained : — 

Caloulated  for 
Ci4H9SN(NH2)-S03NH4.       Fouml. 

Weight  of  Nal^O^  corresponding  to  "1       A.nne  n.9-1  rr- 

1  gram  of  tbe  sulphonate J 

Tlie  free  acid  was  obtained  well  crystallised  on  adding  acetic  acid 
to  a  hot  ammoniacal  solution  and  allowing  it  to  cool.  It  is  sparingly 
soluble  in  hot,  insoluble  in  cold  water.  It  crystallises  either  in 
flattened,  yellow  needles  (with.  1  mol.  HoO),  or  in  aggregated,  orange 
leaflets  (with  2  mols.  H2O).  On  drying,  at  120°  the  j^ellow  acid 
lost :  — 

Calcvilated  for 
Ci4H9SN(NHo)-S03H  +  H20.  Found. 

H,0..; 6-32  47 

At  the  same  temperature  tbe  orange  acid  lost — 

Calculated  for 
CnH9SN(NH;)-S03H  +  2H2O.  Found. 

H,0 10-11  1018 

A  determination  of  the  molecular  weight  of  the  dry  acid  by  titra- 
tion with  normal  sodium  carbonate  gave  the  following  result : — 

Calculated  for 
CuH9SN(NH2)-S03H.         Found. 

Mol.  wt 320  322-6 

As  this  sulphonic  acid  is  the  lowest  that  could  be  obtained,  the 
molecular  weight  of  the  dehydrothiotoluidine  and  its  derivatives  is 
established. 

The  salts  of  the  sulphonic  acid  are  mostly  colourless,  and  tolerably 
soluble  in  water,  to  which  they  impart  a  violet-blue  fluorescence.  They 
have  no  afiinity  for  cotton,  differing  in  this  respect  from  the  sulphonic 
acid  of  the  primuline-base.  The  most  characteristic  salts  are  the  am- 
monium and  cupric  salts.  The  former  crystallises  in  small,  colourless 
plates  (with  1  mol.  HjO),  which  are  sparingly  soluble  in  bot  water, 
very  sparingly  in  cold  water.  The  cupric  salt  is  an  insoluble  reddish- 
brown  precipitate,  closely  resembling  cupric  ferrocyanide ;  it  is 
formed  on  adding  copper  sulphate  to  a  soluble  salt  of  the  acid. 
The  silver  salt  is  an  insoluble,  white  precipitate. 

Constitution  of  Dehydrothiotoluidine. 

From  the  foregoing,  it  is  established  that  the  base  has  the  formula 
CuHioSN-iSTHx.        The    first    product   of   the    action    of    sulphur   on 
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pnratoluidine  is  undoubtedly  Mur/.  and  Wuith's  tliiotoluidine  (di- 
aniidoditolyl  sulphide)  : — 

NIL,  NH., 

\/     \/ 

CH3  cu. 

By  the  further  action  of  sulpliur  on  this  compound,  4  atoms  of  h^-dro- 
gen  are  removed,  with  formation  of  dehydrotliiotoluidine.  Since  one 
nitrogen  of  the  latter  is  nitrilic  in  character,  whilst  the  other  is  in 
the  form  of  NHo,  it  follows  that  of  the  4  atoms  of  hydrogen  elimi- 
nated two  must  have  come  from  an  NH.-gi-oup,  and  the  other  two 
from  a  methyl  or  a  benzene  nucleus.  Tluit  the  condensation  has  not 
taken  place  between  two  carbon-atoms  is  also  proved  by  the  fact  tbat 
paratoluidine  is  regenerated  on  distillation  with  zinc-dust.  The  fa/t 
that  the  base  is  capable  of  combining  with  hydrogen  or  bromine  indi- 
cates the  existence  of  an  unsaturated  double  union,  whilst  the  in- 
stability of  the  bromine  compound  (see  acetyl- derivative)  confirms  the 
conclusion  that  it  is  carbim  and  nitrogen  that  are  doubly  connected. 
This  is  only  possible  on  the  assumption  that  the  condensation  has 
taken  place  by  the  removal  of  the  four  hydrogen-atoms  from  an  NHn- 
and  CHa-group  ;  for  if  the  nucleal  hydrogen  were  involved  the  com- 
pound would  not  be  unsaturated,  and,  moreover,  would  be  scarcely 
likely  to  give  paratoluidine  on  distillation  with  zinc-dust.  The  con- 
stitution of  the  base  must,  therefore,  be  represented  by  the  formula 

h,n/      \ch:n/      ^ch3. 


This  formula  entirely  agrees  with  all  the  reactions  of  the  substance, 
and  with  the  fact  that  analogous  compounds  can  only  be  obtained 
from  primary  bases  containing  methyl  ;  thus  aniline,  when  similarly 
treated,  gives  diamidodiphenyl  sulphide.  The  great  stability  of 
dehydrothiotoluidine  and  its  derivatives,  and  the  impossibility  of 
remo^-ing  or  displacing  the  sulphur  by  ordinary  means,  appears  to  be 
due  to  the  presence  of  a  ring  of  six  carbon-atoms,  nitrogen  and 
sulphui". 

Priinuline-hase. 

This  compound  is  formed,  together  with  dehydrothiotoluidine, 
when  paratoluidine  (2  mols.)  is  heated  with  4  to  5  atoms  of  sulphur. 
It  is  also  obtained  by  heating  thiotoluidiue  or  dehydrothiotoluidine 
with   more  sulphur,  and  hence  these  compounds  must  be  interme- 
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diate  pi'odncts  in  its  formation.  Pure  primuline-hase  is  a  bright- 
yellow  powder  which  is  nearly  insoluble  in  all  solvents.  It  melts  at  a 
hig'h  temperature.  Its  salts  are  dark  coloured,  and  decomposed  by 
water,  in  which  they  are  insoluble.  Tlie  base  is  extremely  stable — it 
may  be  heated  to  above  400°  without  any  decomposition.  The 
monosnlphonic  acid  is  an  orange  precipitate,  quite  insoluble  in  water. 
Its  sodium  salt  (primuline)  is  a  bright-yellow  powder  extremely 
soluble  in  water.  Homologues  of  primuline-base  are  obtained  by 
heating  meta-xylidlne  (CH3  :  CH3  :  NH.,  =  1:3:4)  and  pseudo- 
cumidine  with  sulphur ;  the  sulphonic  acids  dye  lanmordanted  cotton 
primrose-yellow  in  exactly  the  same  way  as  primuline,  but  they  give 
bluer  shades  on  combination  with  phenols. 


Constitution  of  Primuline-hase. 

The  difficulty  of  obtaining  primuline-base  in  a  perfectly  pure  state 
has  hitherto  prevented  its  composition  from  being  determined  with 
certainty,  though  there  is  considerable  evidence  in  favour  of  the 
formula  C0SH18N4S3.  The  formation  of  primuline-base  from  dehydro- 
tliiotoluidine  appears  to  be  effected  by  removal  of  hydrogen  with 
duplication  of  the  molecule,  accompanied  also  with  displacement  of 
hydrogen  by  sulphur.  The  hydrogen  is  probably  removed  from  an 
NH2-  and  a  CHs-groiip,  as  in  the  formation  of  dehydi'othiotoluidine 
from  thiotoluidine,  for  the  primuline-base  appears  to  contain  one 
NHo-group  to  a  Cos  molecule. 

The  alkalimetric  titration  of  the  monosnlphonic  acid  corresponds 
nearly  to  the  formula  C28Hi7N4S3'S03Na  : — 

Calculated  for 
Co3Hi;lV4S3-S03N'a.  Foimd. 

Mol.  wt 608  575 

A  sulphur  determination  in  the  base  crystallised  from  naphthalene 

gave : — • 

Calculated  for 
C.,^Hi,N4S3.  Found. 

S 18-97  18-1 

Although  the  data  at  our  disposal  are  at  present  quite  insufficient 
for  a  positive  determination  of  the  constitution  of  this  compound,  I 
consider  that  the  following  is  very  probably  the  formula,  and  may 
prove  to  be  con-ect : — 


HoXxf      yCH :  y(^      \cH :  n/ 
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Tlie  difference  lietween  dehydrothiotnlnidine  and  its  moi-e  condensed 
derivative — primuline — in  tlie  affinity  for  cotton  and  tinctorial  power 
of  the  latter,  is  probably  duo  to  the  increase  of  molecular  weio-lit,  for 
both  these  properties  are  possessed  by  the  dehydrothiotoluidine  in  an 
incipient  state,  as  is  shown  by  the  fact  that  the  quaternai-y  ammonium 
salts  are  strong  colouring  matters,  whilst  the  corresponding  azo-colours 
have  a  strong  affinity  for  unmordanted  cotton. 

The  condensation  of  parntoluidine  by  sulphur  does  not  appear  to 
come  to  a  stop  at  primuline-base,  but  seems  to  proceed  further  with 
production  of  still  more  complicated  compounds  of  extremely  high 
melting  point. 

I  shall  continue  the  investigation,  and  hope  soon  to  obtain  further 
light  on  these  remarkable  reactions. 

In  conclusion,  I  have  to  express  my  thanks  to  Messrs.  Brooke, 
Simpson,  and  Spiller,  Ld.,  in  whose  laboratory  the  above  iuA^cstigation 
was  performed,  and  to  Mr.  F.  Evershed  for  much  valuable  assistance. 
The  sulphur  estimations  were  kindly  made  by  Dr.  R.  T.  Plimpton  by 
his  new  method. 


XXXI. —  Contributions  to  the  Knowledge  of  Citric  and  Acovitic  Acids. 

By  SiDXET  Skinner,  B.A.,  late  Scholar  of  Christ's  College,  Cambridge, 
and  S.  RuHEMANX,  Ph.D.,  M.A. 

The  compounds  formed  by  the  action  of  aniline  on  citric  and  aconitic 
acids  have  been  carefully  examined  by  Pebal  (Annalen,  82,  78  ;  98, 
67).  In  the  first  paper  he  deals  with  the  direct  action  of  aniline  on 
citric  acid,  and  describes  several  of  the  anilides  and  anils  produced. 
The  second  paper  gives  an  account  of  a  substance  which  he  calls 
"  oxychlorcitronsaure  "  (chlorocitryl  monochloride),  from  which  he 
obtained  an  aconityl-derivative  by  the  action  of  aniline. 

In  the  course  of  some  experiments,  having  occasion  to  prepare  the 
chlorocitryl  monochloride  with  the  view  of  testing  some  results 
previously  obtained  by  one  of  us,  it  seemed  desirable  to  submit  it  to 
a  more  complete  examination,  and  with  this  object  we  have  i-eviewed 
the  action  of  primary  monamines  on  citric  acid. 

Pebal's  directions  for  the  preparation  of  the  chlorocitryl  mono- 
chloride were  followed  as  closely  as  possible  ;  three  equivalents  of 
phosphorus  pentachloride  mixed  with  one  of  citi-ic  acid  (dried  at 
loO")  were   shaken  together    in    a  flask ;    the    heat    evolved    in    the 


2oG      SKINNER   AND   RUHEMANN :   CITRIC   AND   ACONITIC   ACIDS. 

reaction  caused  the  mass  to  become  gradually  pasty,  ami,  on  slightly 
warming,  the  mixture  was  transformed  into  a  light-red  liquid. 
Overheating  ou  the  water-bath  must  be  avoided,  or  else  the  colour 
will  become  dark  and  decomposition  begin.  If  the  light-red  liquid 
is  poured  off  from  the  excess  of  pentachloride  and  mixed  with  dry 
cai'bon  bisulphide,  crystalline  needles  of  the  citric  acid  chloride 
separate  out  in  a  few  minutes.  These  are  collected  on  a  filter,  washed 
Avith  dry  carbon  bisulphide  until  they  are  as  fx^ee  as  possible  from 
phosphorus  oxychloride,  pressed,  and  dried  in  a  vacuum  over  caustic 
potash  and  sulphuric  acid. 

The  chlorocitryl  monochloride  thus  obtained  is  a  hard,  white  sub- 
stance, exhibiting  no  crystalline  structure  when  dried,  insoluble  in 
carbon  bisulphide,  but  readily  soluble  in  benzene,  and  melting  at  about 
]  00°.  In  moist  air,  it  rapidly  absorbs  water  with  evolution  of  hydrogen 
chloride. 

Pebal  analysed  the  substance  by  an  indirect  method,  and  the 
results  led  him  to  the  conclusion  that  the  foi-mula  Ci.;H60i2Cl2  (C  :=  6, 
0  =  8)  best  represented  its  composition.  This  cannot,  however,  be 
leconciled  with  the  present  view  of  the  constitution  of  citric  acid  or 
with  the  reactions  which  Pebal  attributed  to  it.  Its  composition  may, 
however,  be  expressed  by  the  formula  CaHeO^Ch,  which  requires  the 
percentage  composition  — 


Ce 

72 

31 -4 

He 

.......       6 

2-6 

O5 

80 

35-0 

CI., 

71 

31-0 

229  lOu-0 

This  agrees  as  well  with  Pebal's  analyses  as  with  ours.  "We  have 
determined  the  chlorine  in  several  specimens  of  the  product  with  such 
varied  results  as  19'92,  21'72,  25-96  per  cent.,  and  in  a  specimen 
recrystallised  from  benzene  without  heating,  and  dried  in  a  vacuum, 
we  found  29'(3  per  cent.  This  still  contained  minute  traces  of  phos- 
phorus, but  was  decidedly  the  purest  specimen,  and  agrees  best  with 
the  assumption  that  the  compound  is  a  chlorocitryl  monochloride.  As 
the  substance  could  not  be  obtained  pure  enoughfor  ultimate  analysis, 
it  was  evident  that  its  composition  could  only  be  arrived  at  by  the 
study  of  its  reactions. 

Action  of  Water  on  Chlorocitryl  Monochloride. 

On  addition  of  water,  it  readily  dissolves  if  impure,  but  after 
reurystaliisatiou  from  benzene  it  is  necessary  to  warm  slightly  before 
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it  dissolves.  An  aqueous  solution  of  the  crude  substance  was  evapo- 
rated to  dryness  on  a  water-bath,  and  the  crystalline  residue,  which 
was  found  to  be  free  from  chlorine,  was  shaken  Avith  ether.  The 
soluble  portion  left  on  evaporation  of  the  ether  was  dissolved  in 
alcohol  and  saturated  with  hydrogen  chloride ;  on  adding  water,  an 
oil  separated,  which  boiled  at  about  294".  Analysis  proved  it  to  be 
ethyl  citrate. 

Found. 


Calculated  for        I.  B.  p.  294°  C.         II.  B.  p.  218"  C. 
C12H20O7.        at  ordinary  pressure,    at  75  mm.  pressure. 

C 52-1  52-1  51-6 

H 7  2  7-24  7-2 

The  larger  portion  of  the  substance  which  was  not  taken  up  by 
ether  was  recrystallised  from  water.  Analysis  of  these  crystals  dried 
in  a  vacuum  gave  numbers  corresponding  with  those  required  for 

citric  acid. 

Calculated  for 
CgHgOy  +  HoO.  Found. 

C 34-28  34-6 

H 4-76  51 

Hence  citric  acid  is  the  only  product  of  the  action  of  water  on 
chlorocitryl  monochloride. 

Action  of  Heat  on  CMorocitryl  Monocliloride. 

The  crude  substance  when  heated  to  125°  melts  and  gives  off 
hydrogen  chloride.  The  resulting  product  was  dissolved  in  water, 
the  solution  evaporated  to  dryness,  and  the  crystalline  residue  shaken 
with  dry  ether.  This  extracted  a  crystalline  acid,  the  silver  salt  of 
which  gave  on  analysis  65 "33  per  cent,  of  silver.  It  is  therefore 
silver  aconitate,  which  requires  6o"45  per  cent.  Ag.  Hence  the  action 
of  heat  on  chlorocitryl  naonochloride  results  in  the  formation  of 
aconityl  chloride,  which  under  the  influence  of  water  is  transformed 
into  aconitic  acid.  The  darkening  which,  as  above  mentioned,  follows 
prolonged  heating  in  the  preparation  of  chlorocitryl  monochloride,  is 
undoubtedly  due  to  a  partial  change  into  aconityl  chloride,  for 
aconitic  acid  may  be  readily  obtained  by  the  action  of  water  on  the 
darkened  liquid. 

Action  of  Aniline  on  Chlorocitryl  Monocliloride. 

On  the  gradual  addition  of  the  finely  powdered  acid  chloride  to 
aniline,  a  violent  reaction  takes  place,  causing  a  considerable  rise  of 
temperatui'e,  and  a  resinous  mass  is  produced,  which  melts  on  heating 

VOL.   LV.  s 
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and  only  partially  solidifies  on  cooling.  This  contains  aconityl  anil- 
anilide,  which  may  be  best  extracted  by  first  distilling  with  steam 
to  remove  the  excess  of  aniline,  and  subsequently  recrystallising  the 
solid  residue  from  methylated  spirit.  The  anil-anilide  forms  small 
needles  of  a  faintly  yellow  colour,  insoluble  in  water  and  ether,  and 
only  slightly  soluble  in  alcohol.  It  appears  to  suffer  decomposition  at 
about  200'',  but  for  complete  fusion  requires  a  higher  temperature, 
given  as  250"  by  Michael  {Amer.  Chem.  J.,  9,  192),  for  a  specimen 
prepared  from  aconitic  acid. 

The    formula    C..H„N,0.  =  C.H.N<^°;fi^jj^,^Q.^^.^_^^    re- 

quires  the  following  numbers  : — 

Found. 

Theory.  ,, * >, 

f ^ ^  I.             II.            III.  IV. 

Cis 216     70-59  70-24      70-30        —  — 

Hu 14      4-57  4-99        5-23        —  — 

N.    28      9-15  —          —         9-24  9-47 

0, 48     15-69  _          _           _  _ 

306     100-0 

This  substance  was  described  by  Pebal,  who  prepared  it  from 
chlorocitryl  monochloride,  as  well  as  from  aconitic  acid.  It  is  evident 
that  its  formation  from  the  former  is  due  to  removal  of  hydrogen 
chloride  as  aniline  hydrochloride,  with  conversion  of  the  citryl  radicle 
into  the  aconityl  radicle. 

Action  of  Alkalis  on  Aconityl  Anil-anilide. 

Strong  or  dilute  solutions  of  potassium  hydroxide,  and  even  of 
ammonia,  decompose  aconityl  anil-anilide  with  formation  of  aniline 
and  the  salt  of  an  acid.  The  anilide  dissolves  in  the  alkali  after  slight 
warming,  forming  a  red  liquid  with  a  violet  fluorescence.  On  addition 
of  dilute  mineral  acids  to  the  concentrated  solution,  a  precipitate  of 
the  acid  is  thrown  down ;  this  may  be  purified  by  shaking  with 
ether,  in  which  it  is  only  sparingly  soluble.  On  evaporating  the 
ether,  the  crystalline  acid  is  left  contaminated  Avith  a  green  viscous 
substance ;  the  latter  may,  however,  be  readily  got  rid  of  by  treatment 
with  ether,  in  which  it  is  very  easily  soluble.  The  acid  crystallises 
from  alcohol  in  rosettes  of  a  faintly  yellow  coloui',  which  melt  at  250° 
with  decomposition. 

Analysis  proved  it  to  be  aconitylanilcax^boxylic  acid.  Its  formula, 
Ci2H9N04,  requires — 

Found. 

Calculated.  I.  II. 

N   6-06  6-83        6-27 
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and  the  following  equation  represents  its  formation — 

fi^'^^>N-C6H5  +  KHO  =  M^'^^>N-aH5  +  CsHs-NHj. 
G — GO  G — GO 

CH.-CO-NH-CsHs  CH-COOK 

Aconitylanilcarboxylic  acid  is  but  sparingly  soluble  in  water.  Its 
aqueous  solution  reddens  litmus-paper,  and  the  addition  of  alkali 
produces  a  violet  fluorescence.  With  silver  nitrate,  the  ammonium 
salt  of  the  acid  yields  a  silver  salt,  which  is,  however,  very  unstable, 
and  on  warming  gently  deposits  a  silver  mirror.  Dried  in  a  vacuum, 
it  gave  on  analysis  31"5  per  cent,  of  silver,  whilst  Ci2H8AgN'04  requires 
31  "9  per  cent.  Ag. 

This  acid  is  doubtless  identical  with  the  acid  prepared  by  Pebal  by 
the  action  of  phosphorus  pentachloride  on  citrylanilcarboxylic  acid, 
for  it  has  been  shown  that  phosphorus  trichloride  when  heated  with 
ethyl  citrate  transforms  it  into  ethyl  aconitate  (Conen,  Ber.,  12, 
1655).  Aconitylanilcarboxylic  acid  is  closely  related  to  pyrrol,  for 
when  distilled  with  zinc-dust  it  readily  yields  a  liquid  which  possesses 
the  characteristic  odour  of  pyrrol,  and  gives  a  bright  scarlet  colour  to 
a  pine-chip  moistened  with  strong  hydrochloric  acid. 

Action  of  Orthotoluidine  on  Ghlorocitryl  Monochloride. 

By  using  orthotoluidine  in  place  of  aniline,  we  obtain  a  precisely 
analogous  series  of  derivatives.  Thus  the  product  of  then"  direct 
interaction  is  aconityltoluidtoluidide,  a  straw-yellow,  crystalline  sub- 
stance melting  at  214°,  insoluble  in  water  and  ether  and  sparingly 
soluble  in  alcohol. 

CO'PH 

The  formula  ^^^'G^^^-^<co.'6-CH,CO'l^K'CM.'CK.  requires- 

Calculated.  Found. 

N" 8-38  8-67 

Here  again  the  chlorocitryl  i-adicle  has  been  transformed  into  the 
aconityl  radicle  by  the  removal  of  hydrogen  chloride  by  the  toluidine 
with  formation  of  orthotoluidine  hydrochloride,  which  was  identified 
both  by  its  reactions  and  by  analysis.  Boiling  potassium  hydroxide 
solution  dissolves  aconityltoluidtoluidide,  producing  a  strong  violet 
fluorescence.  Orthotoluidine  is  eliminated,  and  the  potassium  salt  of 
aconityltoluidcarboxylic  acid  is  formed,  from  which  the  acid  may  be 
pi^ecipitated  by  dilute  hydrochloric  acid.  The  toluidcarboxylic  acid 
is  soluble  in  water,  and  the  addition  of  alkalis  to  the  solution  produces 
a  fluorescence  similar  to  that  of  the  corresponding  salts  of  the  anil- 
carboxylic  acid. 

s  2 
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Constitution  of  Chlorocitryl  Monochloride. 

Taking  into  account  the  preparation  of  this  substance,  and  the  fact 
that  analysis  indicates  that  it  contains  two  atoms  of  chlorine  in  its 
molecule,  it  would  appear  that  its  constitution  might  be  represented 
by  one  of  the  three  following  formulas  : — 

CH^-COCl  CH-COCl  CHj-COCl 

(A)  OH-C-COCl      ,         (B)  C-COCl        ,   (C)  ClC-COOH      . 
CH-COOH  CHa-COOH  CHo-COOH 

But  the  formula  A,  though  accounting  for  the  formation  of  citric 
acid  by  the  action  of  water,  would  not  readily  explain  the  transfor- 
mation into  an  aconityl-derivative,  and  on  the  other  hand  the  formula 
B,  though  accounting  for  the  latter  fact,  could  not  explain  the 
former,  as  the  conversion  of  aconitic  into  citric  acid  by  the  direct 
action  of  water  has  never  been  observed.  Neither  can  the  substance 
be  a  mixtui'e  of  A  and  B,  for  then  the  action  of  water  would  give 
rise  to  both  aconitic  and  citric  acids,  and  that  of  aniline  to  both  citryl 
and  aconityl  anil-anilides.  The  formula  C  alone  expresses  all  the 
reactions  that  we  have  observed. 

On  heating  to  a  temperature  of  125°  C,  chlorocitryl  monochloride 
splits  into  aconityl  chloride  and  hydrogen  chloride.  From  experi- 
ments made  on  the  preparation  of  ethyl  chlorocitrate,  we  have  every 
reason  to  believe  that  this  substance  is  foirmed  by  the  interaction  of 
equivalents  of  phosphorus  pentachloride  and  ethyl  citrate,  but  that 
on  distillation  in  a  vacuum  it  undergoes  an  analogous  decomposition 
into  ethyl  aconitate  and  hydrogen  chloride.  We  have,  therefore, 
sufficient  evidence  that  one  of  the  chlorine-atoms  of  chlorocitryl 
monochloride  is  substituted  for  the  alcoholic  hydroxyl  in  citric  acid, 
but  it  is  not  easy  to  ascertain  which  of  the  three  acid  hydroxyls  is 
displaced  by  the  other  chlorine-atom.  On  treatment  with  aniline,  the 
two  unchanged  carboxyl-groups  first  combine  with  it  to  form  a  salt 
which,  however,  readily  loses  water  and  gives  rise  to  an  anilide — a 
change  which  is  very  characteristic  of  aconitic,  citraconic,  itaconic, 
and  maleic  acids  (Michael,  Amer.  Ghem.  J.,  9,  192).  The  equation 
representing  the  action  of  aniline  and  orthotoluidine  on  chlorocitryl 
monochloride  may  be  given  as  follows  : — 

Cl-CO-CH,  +4R.NH,  =  RN<C0-CH 

C00H-CC1-CH2-C00H  CO-CCH,-CO-NHR 

+  2RNH2,HC1  +  20H,. 

The  fact  of  the  formation  of  a  pyrrol  is  a  sufficient  proof  that  the 
NR  group  unites  with  the  carbon-atoms  of  adjacent  carboxyls,  for 
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if  it  united  with  those  of  the  end  carboxyls  a  pyridine-derivatiye 
would  have  been  formed.  Moreover,  one  of  us  has  already  proved 
(Trans.,  51,  403)  that  the  primaiy  monamines  such  as  methylaminc 
cannot  give  rise  by  their  action  on  ethyl  acetyl  citrate  to  substituted 
pyridines.  The  only  question,  therefore,  remaining'  to  be  decided  is 
whether  the  ethylene  linking  of  the  aconityl-group  is  within  or  with- 
out the  pyrrol-ring.  That  is  to  say,  which  of  the  two  following 
formuljB  best  rcpi'esents  aconityl  anilcarboxylic  acid  : — 

CH-CO^  CH,-CO^ 

n_^Q>N.CH.    or      ^_^^>^-C.H.. 

CHa-COOH  CH-COOH 

That  the  former  is  the  correct  one,  results  from  the  following  con- 
siderations.    The  equation — 

CHo-CO  CH^-COOK 

OH-C— CO^-^^   +   KHO  =   OH-C-CO-NHR 
CHa-CO-NHR  CHj-CO-NHR 

represents  the  general  action  of  potassium  hydroxide  on  citryl-deri- 

vatives  of  the  formula  NR<'         i     ' 

C0'C(0H)-CH2-C0NHR 

Thus  Pebal  shows  that  citrylanil-anilide  gives  the  potassium  salt  of 

citryldianilidocarboxylic  acid  : — 

CHa-CO  CH^-COOK 

OH-C  — C0>^^'=-^^  +  2K0H  =  OH-C-CO-NH-CeHa. 
j  CH^-CO-NHCsHs  CH^-CO-NH-CeHs 

Analogous  is  the  action  of  potassium  hydroxide  on  the  corresponding 
paratoliiidine-compound  (Gill,-Ber.,  19, 2352),  on  the  a- and /3-naphthyl- 
amine-derivatives  (Hecht,  Ber.,  19,  2614),  and  on  the  i/r-cumidine- com- 
pound (Schneider,  Ber.,  21,  660).  Different,  however,  is  the  behaviour 
of  aconitylanil-anilide  towards  potassium  hydroxide,  for  in  this  case 
aniline  is  eliminated,  and  there  is  formed  the  potassium  salt  of 
aconitylanilcarboxylic  acid,  whilst,  as  shown  by  Pebal,  citrylanil- 
carboxylic  acid  yields,  under  the  influence  of  potassium  hydroxide, 
citrylanilidodicarboxylic  acid, 

CH,-CO  CH.-CO-NH-CeHs 

OH-C— C0>^"^«^'  +  2K0H  =  OH-C'COOK  +  H^O. 

CH2-C00H  CH^-COOK 

This  difference  in  behaviour  can  only  be  attributed  to  the  ethylene 
linking  of  aconitic  acid. 
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Ettyl  aconitate  has  been  shown  by  one  of  ns  (Ber.,  20,  3367)  to 
be  transformed  by  ammonia  into  a  pyridine-derivative.  The  above 
CO  nsiderations  i-ender  it  probable  that  in  this  reaction  the  ammonium 
salt  of  an  imido-acid  is  also  formed.  We  are  therefore  reinvestigating 
this  reaction. 

University  Laboratorrj,  Cambridge. 


XXXII. — Action  of  Chloroform  and  Alcoholic  Potash  on  Hydrazines. 

Part  II. 

By  S.  RuHEMANN,  Ph.D.,  M.A. 

In  a  former  communication  made  to  the  Society  in  conjunction  -with 
W.  J.  Elliott  (Trans.,  1888,  850),  it  has  been  shown  that  the  action  of 
chloroform  and  alcoholic  potash  on  phenylhydrazine  is  unlike  that 
which  takes  place  with  the  primary  amines  of  the  fatty  and  aromatic 
series. 

The  product  of  the  reaction,  when  freed  from  the  unaltered  base  by 
means  of  dilute  sulphuric  acid,  loses  the  odour  of  isonitrile  after  a 
short  time,  and  is  for  the  most  part  transformed  into  a  very  stable, 
odourless  compound,  which  does  not  reduce  Fehling's  solution.  The 
quantity  of  hydrazine  transformed  into  this  substance  is,  however, 
very  small,  if  the  operation  is  effected  in  the  manner  formerly 
described.  After  various  attempts  to  improve  the  yield,  I  found  that 
the  most  successful  result  was  obtained  when  alcoholic  potash  was 
added  to  the  solution  of  the  base  in  chloroform  and  alcohol,  instead  of 
(as  described  in  a  former  paper)  adding  chloroform  to  the  solution  of 
the  base  in  alcoholic  potash. 

As  already  mentioned,  a  considerable  quantity  of  resinous  matter  is 
formed  in  the  preparation  of  this  substance  ;  the  further  examination 
of  this  resin  shows  that  it  contains  a  crystalline  compound,  which  is 
very  easily  soluble  in  alcohol  and  ether,  and  can  be  extracted  with  boil- 
ing water.  The  aqueous  solution,  if  decolorised  by  boiling  with  animal 
charcoal,  yields  colourless  plates  on  cooling  ;  these  melt  at  144°,  and 
reduce  Fehling's  solution.  This  substance  is  formylphenylhydrazine, 
as  in  fact  was  found  by  a  comparison  with  the  product  obtained  by 
F.  Just's  method  (i'er.,  19,  1201),  and  by  a  nitrogen  determination, 
which  gave — 

Theory  for 
CfiHs-NH-NH-CHO.  Found. 

N 20-59  20-69 
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The  formation  of  this  compound  in  tlie  isonitrile  reaction  is  interest- 
ing, as  I'endcring  it  probable  that  the  isonitriles  formed  by  the  action 
of  chloroform  and  alcoholic  potash  on  primai-j  amines  arise  in  a 
, similar  manner,  as  the  former  split  up  under  the  influence  of  mineral 
iicids.  The  reason  why  formanilide  and  its  homologues  have  not  been 
observed  in  this  reaction  is  that  they  are  readily  attacked  by  chloro- 
form and  alcoholic  potash.  Indeed,  on  adding  these  reagents  to  a 
solution  of  formanilide,  phenyl  isocyanide  is  at  once  produced ;  the 
cori'esponding  formyl  compounds  of  phenylhydrazine  and  paratolyl- 
hydrazine,  however,  were  found  to  be  much  more  stable. 

In  a  former  communication  it  was  shown  that  the  compound  melting 
at  180°,  which  is  produced  along  with  formyl  phenylhydrazine,  has  the 
formula  CuH,2N4.  This  was  derived  from  analysis,  from  the  deter- 
mination of  the  molecular  weight,  and  from  the  composition  of  the 
nitro-derivative  and  sulphonic  acid  produced  from  it.     Its  probable 

constitution  has   been   expressed    by  the   formula  'ii.      A 

closer  study  of  the  behaviour  of  this  substance  led,  however,  to  the 
conclusion  that  it  is  a  tertiary  base.  The  formation  of  a  basic  product 
from  2  mols.  of  the  hypothetical  isonitrile,  CeHa-N'H'NiC,  may  be 
simply  interpreted  as  follows  : — 

C6H5-NH^^"^C  CgHi-N/    ^CH 

The  two  molecules  condense  directly  to  a  ring  in  a  way  similar  to 
the  condensation  of  2  mols.  of  a-ketonamines  or  a-ketonanilides  in 
the  formation  of  aldines,  with  the  difference  that  in  this  latter  case 
the  condensation  is  accompanied  by  a  splitting  off  of  2  mols.  of 
water.     A  compound  of  the  constitution  given  above  is  to  be  regarded 

pTT.'NJTT 

as  a  derivative  of  the  type  N-^T^Tj^pTj^N,  a  ring  containing  four 

nitrogen-atoms  and  two  carbon-atoms,  which  may  be  called,  according 
to  Widmann's  proposal  (J.  pr.  Chem.,  N.F.,  38,  185),  tetrazinc. 

Compounds  which  may  be  regarded  as  derived  from  a  nucleus 
consisting  of  four  nitrogen-  and  two  carbon-atoms  are  already  known. 
These  are  the  bodies  produced  by  v.  Pechmann  (Ber.,  21,  2751)  by 
the  oxidation  of  the  osazones  of  1  . 2  diketone  compounds,  and  called 
by  him  osotetrazones.  These  substances  are  coloured,  neutral  com- 
pounds, easily  reconverted  by  the  action  of  reducing  agents  into  the 
osazones  from  which  they  were  formed. 

Quite  different,  however,  is  the  behaviour  of  the  representative  of 
the  tetrazines  produced  from  phenylhydrazine  in  the  isonitrile  reac- 
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tion,   and  this  also  confirms  the  view  of  its  constitution  expressed 
above. 

Dlphenyltetrazine,  CuHioN4,  is  dissolved  with  difficulty  by  boiling 
hydrochloric  acid,  and  the  solution,  on  cooling,  deposits  long,  white 
needles  of  the  hydrochloride,  which  may  also  be  prepared  by  passing 
hydrogen  chloride  into  an  ethereal  solution  of  the  base.  This  salt  is, 
however,  not  very  stable ;  when  boiled  with  water  or  dried  at  100°,  it 
splits  into  its  components,  base  and  acid ;  alcohol  readily  dissolves  it, 
but,  on  boiling,  the  same  decomposition  seems  to  take  place. 

The  analysis  of  the  salt,  dried  over  sulphui-ic  acid  and  potassium 
hydroxide,  gave  numbers  which  correspond  to  the  formula 
CuHi2N4,HCl :— 

Calculated.  Found. 

CI 13-027  1274 

N 20-55  20-90 

The  hydrochloride  forms  a  double  salt  with  platinic  chloride,  which 
may  best  be  prepared  by  adding  a  concentrated  solution  of  the  metallic 
chloride  to  the  slightly  warmed  solution  of  the  base  in  alcohol  and 
hydrochloric  acid.  After  a  few  minutes  the  double  salt  crystallises 
out  in  yellow  plates,  which  are  washed  with  alcohol  and  dried  at  100°. 
Analysis  of  it  led  to  the  formula  (CuHi2N4)2,H2PtCl6. 

Found. 


Calculated.  I.  II.  III.  IV. 

Pt 22-055         22-21       22-11         —  — 

N 12-70  —  —         13-18       12-91 

This  platinum  salt  is  sparingly  soluble  in  alcohol,  and  crystallises 
from  it  in  yellow,  glittering  plates,  which  decompose  about  300°. 

The  formation  of  a  hydrochloride  and  of  a  platinochloride  shows 
that  diphenyltetrazine  is  a  weak  base,  and  its  behaviour  towards  sul- 
phuric acid  characterises  it  as  such.  For  the  base  is  dissolved  by 
boiling  with  dilute  sulphuric  acid,  and,  on  cooling,  deposits  long 
white  needles  of  the  sulphate,  which  may  also  be  prepared  by  adding 
the  dilute  acid  to  an  ethereal  solution  of  the  base.  The  sulphate  is, 
however,  only  stable  in  the  presence  of  the  free  acid,  and  dissociates 
completely  on  washing  with  water. 

Light  is  thrown  on  the  nature  of  this  base  by  the  facts  that  it  is 
indifferent  towards  nitrous  acid  and  that  it  is  not  altered  by  boiling 
with  acetyl  chloride  or  with  acetic  anhydride,  for  it  thus  exhibits  the 
characters  of  a  tertiary  base.  The  same  conclusion  follows  also  from 
the  formation  of  an  ammonium  iodide  produced  by  the 
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Action  of  MethTjl  Iodide  on  Diphenyltetrazine. 

The  base  was  heated  in  a  sealed  tube  with  methyl  iodide  in  the 
presence  of  methyl  alcohol  for  a  few  hours  at  a  temperature  of  100° ; 
the  contents  of  the  tube  wei'e  then  evaporated  to  dryness  on  the 
water-bath,  and  the  residue  boiled  with  water,  in  which  it  is  readily 
soluble.  On  cooling,  yellow  needles  crystallise  out,  which  melt  at 
214°,  and  are  easily  soluble  in  alcohol.  Analysis  of  this  substance 
dried  at  100°  proved  it  to  be  an  ammonium  compound  the  metliiodide 
of  dipheiiijUetrazi^ie. 

The  formula  Ci4Hi2N4,CH3l  requires — 

Calculated.  Found. 

I   14-814  14-96 

N 33-60  33-71 

On  adding  silver  chloride  to  a  boiling  aqueous  solution  of  the 
iodide,  silver  iodide  is  at  once  formed,  and  the  solution  contains  the 
organic  ammonium  chloride.  On  concentration,  this  crystallises  in 
silky  needles  which  melt  at  244°,  and  are  more  soluble  in  water  than 
the  corresponding  iodide. 

A  nitrogen  determination  proved  it  to  have  the  formula 

CuHio.N^CHsCl. 

Calculated.  Found. 

N    19-55  19-72 

With  platinic  chloride,  the  aqueous  solution  of  the  chloride  yields 
a  light  yellow,  crystalline  precipitate,  which  is  nearly  insoluble  in 
water. 

The  salt  dried  at  100°  has  the  composition  2(CuHi2N4,CH3Cl),PtCli. 

Calculated.  Found. 

Pt 21-376  21-35 

N 12-31  12-57 

The  above  described  experiments  afford,  I  think,  a  sufiScieut  proof 
of  the  view  that  the  compound  formed  from  phenylhydrazine,  in  the 
manner  stated  above,  is  without  doubt  diphenyltetrazine. 

The  remarkable  stability  which  this  substance  exhibits  towards 
hydrochloric  acid  and  alcoholic  potash,  as  was  mentioned  in  the  fii'st 
note  (lac.  cit.),  shows  itself  also  towards  reducing  agents.  It  may  be 
boiled  in  alcoholic  solutions  with  tin  and  hydi'ochloric  acid  without 
suffering  any  change ;  even  that  reducing  agent,  sodium  and  alcohol, 
which  has  so  often  rendered  good  service,  has  here  hardly  any  action. 
By  using  amyl  alcohol  and  sodium,  some  ammonia  is,  indeed,  given 
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oif,  but  tlae  bulk  of  the  substance  i-emains  unaltered.     Bromine,  how- 
ever, acts  very  readily  on  the  base,  and  leads  to  various 


Bromine-derivatives  of  Diphenyltetrazine. 

On  adding  bromine  to  a  solution  of  the  base  in  glacial  acetic  acid, 
there  is  at  once  formed  a  nearly  white  precipitate,  consisting  of  one 
or  more  bromine  substitution-products.  I  bave  repeatedly  carried  out 
this  operation,  but  with,  varying  results,  owing  to  the  varying 
quantity  of  bi'omine  used  and  to  the  concentration  of  the  solution, 
but  I  have  not  yet  found  the  proper  conditions  for  the  preparation  of 
the  one  or  the  other,  as  I  had  not  the  necessary  quantity  of  material 
at  my  disposal.  In  one  operation,  using  a  considerable  excess  of 
bromine,  a  precipitate  was  formed  consisting  for  the  most  part  of 
tribroinodiphenyltetrazine,  as  is  shown  by  the  following  analyses  of  the 
product  recrystallised  from  glacial  acetic  acid. 

The  formula  CuH9Br3N4  requires — 

Tlieorj.  Found. 

Br 50-74  50-40 

N 11-84  11-97 

This  compound  is  sparingly  soluble  in  boiling  alcohol,  but  is  readily 
dissolved  by  boiling  glacial  acetic  acid,  from  which  it  crystallises  on 
cooling  in  white  needles  which  decompose  at  about  224°.  Wlien, 
however,  more  dilute  solutions  and  a  limited  amount  of  bromine  are 
used,  the  precipitate  formed  consists,  for  the  most  part,  of  a  dibromo- 
derivative  mixed  with  some  of  the  tribromodiphenyltetrazine,  as  indi- 
cated by  the  analysis  of  the  product  recrystallised  from  glacial  acetic 
acid,  which  gave  14-28  per  cent,  of  nitrogen  and  42-40  (42-24)  per 
cent,  of  bromine,  while  the  formula  CuHioBroNi  requires  14'21  per 
cent.  N  and  40-6  per  cent.  Br. 

Even  a  monobromo-derivative  is  produced  under  certain  con- 
ditions by  the  action  of  bromine  on  acetic  acid  solution  of  the  base ; 
this  was  extracted  from  the  precipitate  by  hot  alcohol,  and  re- 
peatedly crystallised  from  the  same  solvent.  Its  melting  point  was 
219 — 220°,  and  on  analysis  it  gave  17-70  per  cent,  nitrogen,  whilst 
CuHiiBrN4  requires  17*95  per  cent.  N. 

C  IT  'IST'T^'C^H 

A  comrjound  of  the  constitution  "  I  .    *  I    ^        would  give   rise 

HC.N-N-C6H5 

to  three  different  series  of  bromine- derivatives,  according  as  the  sub- 
stitution takes  place  in  the  phenyl-groups  or  in  the  teti-azine  nucleus, 
or,  lastly,  in  both  at  the  same  time.  The  precipitate  produced  by  the 
addition   of    bromine   to    the  base  dissolved  in  acetic  acid,   consists 
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most  probably  of  compounds  which  are  substituted  in  the  benzene 
residues  of   diphenyltetrazine — their  melting  points  being-  above  200°. 

Besides  the  substances  above  mentioned,  however,  another  com- 
pound is  produced  at  the  same  time ;  this  is  always  formed  by  acting 
with  bromine  on  the  base,  either  in  dilute  or  in  concentrated  acetic 
acid  solution.  This  brominated  derivative  remains  dissolved  in  the 
glacial  acetic  acid,  and  is  thrown  down  by  water  as  a  brown  precipi- 
tate, which  is  easily  soluble  in  alcohol,  and  crystallises  from  dilute 
methylated  spirit  in  faintly  coloured  needles  which  melt  at  131°. 
Analysis  proved  it  to  be  a  diphenyldibromotetrazine. 

Its  formula  Ci4HioBr2N4  requires — 

Found. 

Theory.  I.  II.  III. 

C 42-64  43-00      42-48         — 

H 2-54  3-44        320         — 

N 14-21  —  —        14-33 

The  diUerence  between  the  properties  of  this  compound  and  those 
of  the  others  renders  it  most  probable  that  this  has  the  constitution 
CsHs-N-NXBr 

BrCiN-N-CeHa" 

The  remarkable  formation  of  a  very  stable  compound  by  the  action 
of  chloroform  and  alcoholic  potash  on  phenylhydrazine  led  me  to 
repeat  this  reaction  with  other  hydrazines,  in  order  to  determine 
whether  they  give  rise  to  analogous  compounds.  I  have  as  yet  only 
studied  the 

Action  of  Chloroform  and  Alcoholic  Potash  on  Paratolylhydrazine. 

The  operations  were  conducted  in  the  manner  described  above, 
namely,  alcoholic  potash  was  gradually  added  to  the  solution  of  the 
hydrazine  in  chloroform  and  alcohol,  the  product  diluted  with  water, 
shaken  with  ether,  the  unaltered  base  removed  by  means  of  dilute 
sulphuric  acid,  and  the  ethereal  solution  evaporated.  The  residue, 
which  is  an  odourless  oil,  partially  solidifies  after  a  short  time.  The 
mass  of  crystals  was  then  washed  with  methylated  spirit  and  dis- 
solved in  hot  alcohol,  and  the  solution  decolorised  by  boiling  with 
animal  charcoal ;  on  cooling,  it  deposited  faintly  yellow  plates,  which 
melt  at  185°.  They  are  less  soluble  in  alcohol  than  diphenyltetrazine, 
although  easily  soluble  in  glacial  acetic  acid. 

The  results  of  analysis,  the  molecular  weight  determinations,  and 
the  chemical  behaviour,  show  that  this  compound  has  a  constitution 
analogous  to  that  of  the  body  formed  from  phenylhydrazine.  It  is, 
therefore,  to  be  regarded  us  paraditolyltetrazine. 
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Its  formula,  CH3-C6H4-N"<^-[J.^>N'-C6Hi-CH3,  requires  the  follow- 
ing values : — 

Found. 

Theory  for  ( * >, 

CisHisN^.  I.  II. 

C  72-72  72-55         — 

H 6-06  6-70         — 

N 21-21  —         21-24 

The  molecular  weight  of  this  substance  was  determined  by  Raoult's 
method,  with  the  following  result : — 

"Weight  of  substance 0-3424  gram. 

„  acetic  acid   26-2025      „ 

Freezing  point  of  acetic  acid   ....  11-31°  C. 

,,  of  mixture   11-12°  C. 

Depression  of  freezing  point 0-19°  C. 

Molecular  weight  derived  from  the 

above  data 269 

Theory  for  CifiHieNi 264 

Besides  this  substance  there  is  also  produced  formylparatolyl- 
hydrazine,  the  formation  of  which  corresponds  to  that  observed  in  the 
case  of  phenylhydrazine.  This  compound  is  contained  in  the  alcoholic 
filtrate  from  the  substance  CieHieNi,  and  can  be  extracted  by  boiling 
water  from  the  resin  which  is  left  behind  when  the  filtrate  is  evapo- 
rated. The  aqueous  solution,  after  decolorisation,  deposits  white 
plates  which  melt  at  164°,  and  on  analysis  proved  to  be  formylpara- 
tolylhydrazine.  The  following  numbers  correspond  to  its  formula, 
CHs-CgHi-NH-NH-CHO  :— 

Found. 

Theory  for  ( " ^ 

C8H,oN20.  I.  II. 

C 64-00  64-10         — 

H 6-70  7-20         — 

N 18-67  —        18-84 

This  substance  was  also  prepared  by  heating  formamide  with  pai'a- 
tolylhydrazine  in  an  oil-bath  at  a  temperature  of  130°,  until  ammonia 
ceased  to  be  evolved.  The  resulting  solid  mass  was  recrystallised 
from  water,  when  crystals  were  obtained  which  had  the  same  melting 
point  as  the  substance  formed  in  the  isonitrile  reaction,  and  gave,  on 
analysis,  18"80  per  cent,  nitrogen. 

Formylparatolylhydrazine  is  very  soluble  in  alcohol,  sparingly  in  cold 
water,  and  in  benzene  or  chloroform,  and  less  soluble  in  boiling  water 
than  formylphenylhydrazine. 
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I  am  at  present  engaged  in  the  further  study  of  the  two  tetrazines 
described  above,  and  intend  also  to  extend  the  investigation  of  the 
action  of  chloroform  and  alcoholic  potash  to  other  hydrazines. 

In  conclusion,  I  may  add  that  the  formation  of  the  formyl-deriva- 
tives  of  the  hydrazines  in  this  reaction  led  me  to  make  some  experi- 
ments with  the  view  of  producing  the  tetrazines  from  them  by 
splitting  off  water,  but  as  yet  I  have  not  been  able  to  effect  this 
reaction  in  a  si  mple  manner.  I  am  still,  however,  working  in  this 
direction,  and  hope  to  be  able  to  communicate  to  the  Society  satis- 
factory results. 

University  Laboratory, 
Cambridge. 
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March  21st,  1889. 
W.  Crookes,  F.R.S.,  President,  in  the  Chair. 

The  pleasant  duty  again  devolves  on  me  to  present  to  you  the 
annual  report  on  the  state  of  the  Chemical  Society  during  the  twelve 
months  just  past. 

The  following  tabular  statement  shows  the  numerical  position  of 
the  Society  : — 

Number  of  Fellows  (March  28th,  1888)    15.34 

Since  elected  and  paid  admission  fees 140 

1674 

Deceased 28 

Withdrawn 16 

Removed  on  account  of  arrears    21 

—  60 

Present  number  of  Fellows    1614 

Increase   80 

Number  of  Foreign  Members 37 

Deceased  (Professor  H.  Debray) 1 

Present  number  of  Foreign  Members 36 

Oar  losses  from  death  include  several  well-known  names.  They 
are  on  the  home  list : — Professor  Brazier,  John  Collins,  R.  Cartmell, 
J.  J.  Coleman,  W.  F.  Donkin,  H.  C.  Foote,  Peter  Griess,  A.  N.  Gow, 
John  Horsley,  J.  M.  Kavanagh,  J.  D.  Perrins,  Dr.  David  Price,  F.  G. 
Ree,  J.  Robinson,  W.  0.  Senier,  J.  Denham  Smith,  J.  Storey,  James 
Taylor,  J.  S.  Topham,  Thomas  Ward,  Dr.  W.  Wallace,  G.  J.  Wishart, 
John  Williams.     And  one  Foreign  Member,  Professor  H.  Debray. 

Withdrawn  : — R.  Byramjee,  C.  B.  Caswell,  Dr.  E.  A.  Cook,  R. 
Coulthard,  P.  N.  Datta,  Charles  E.  Ellis,  F.  A.  Genth,  Jun.,  C.  H. 
Gimingham,  Andrew  Henderson,  Edward  Hunter,  W.  J.  Noble, 
Walter  Pearce,  Dr.  B.  W.  Richai'dson,  J.  P.  Smith,  Ed.  S.  Spalding, 
aud  Oswald  Wilkinson. 
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Removals  on  account  of  non-payment  of  subscriptions  : — J.  B. 
Bardsley,  William  Bedford,  R.  G.  Blaine,  Professor  A.  C.  Dixon, 
A.  E.  Drinkwatei-,  U.  K.  Dutt,  Rev.  W.  H.  Eley,  E.  H.  Farmer. 
W.  F.  Fremcrsdorff,  F.  G.  Holmes,  J.  J.  Knight,  J.  L.  Muspratt. 
Robert  Marr,  S.  R.  Pontifex,  Thomas  Perry,  R.  H.  Ridout,  G.  li. 
Rutter,  W.  Robinson,  Franz  Rindskopf,  F.  M.  Sexton,  and  J.  W. 
Stevens. 

In  the  year  1888,  there  were  75  original  papers  publislied  in  the 
Journal,  occupying  895  pages,  as  compared  with  88  papers  of  871  pages 
in  1887.  The  Abstracts  in  1888  occupy  1351  pages,  compared  with 
1159  in  1887.  The  number  of  Abstracts  is  2470  compared  with 
2277  in  1887. 

103  papers  have  been  communicated  to  the  Society  this  session. 
Several  of  these  papers  were  published  in  full  in  the  Proceedings, 
and  Abstracts  of  all  have  also  there  been  given. 

The  Proceedings  of  the  Chemical  Society,  appearing  as  it  does  soon 
after  each  evening  meeting,  is  valuable  as  affording  country  members 
a  rapid  and  trustworthy  account  of  what  goes  on  at  our  Society,  and 
has  now  taken  a  well  established  position  as  an  independent  publica- 
tion. 

Our  Library  continues  to  increase,  and  every  year  becomes  richei- 
in  rare  volumes  and  books  of  reference.  The  duplicate  library  for 
lending  is  also  becoming  increasingly  useful.  The  following  table 
shows  the  present  state  of  our  shelves  :— 


March  31st, 
1888. 

Addition  in 
1888-89. 

Preseut 
State. 

Vohunes  of  systematic  works 

VoUimes  of  journals 

Volumes  of  dujjlic-ate  journals   for  cir- 
culation. 
Pamphlets 

2,780 

5,119 

941 

1,410 

142 

355* 

143t 

1(3 

2,922 
5,474 
1,084 

1  426 

10,250 

056 

10,906 

The  expenditure  under  this  head  for  the  current  year  is  £308  5s.  6J.. 
The  following  table  shows  the  position   of  the  Journal  dui-ing  the 
past  year,  as  compared  with  the  previous  four  yeai's  :  — 


*  Including  170  vols.  Dingler^s  PolytechniscJies  Journal. 
t  Including  95  vols.  Dingler's  JPoIi/technisches  Journal. 
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1884. 

1885. 

1886. 

1887. 

1888. 

General  and  Physical  Chemistry. . 

237 
189 
192 
939 
118 

324 

256 
286 

331 
191 
201 
1047 
142 

218 
337 
280 

235 
223 
223 
1056 
100 

160 

289 
66* 

271 

242 

180 

1045 

100 

123 
316 

340 
216 

Mineralogical  Chemistry 

171 

1088 

153 

Chemistry   of    Vegetable    Physio- 

170 

332 

Xotal   

2541 

2747 

2352 

2277 

2470 

Papers  in  Transactions. 


57. 


85. 


85. 


75. 


I  must  now  ask  yoiir  attention  to  an  event  of  which  none  of  you 
can  be  ignorant,  which,  though  not  exclusively  relating  to  chemistry, 
bears  closely  upon  it  and  upon  the  future  of  British  science.  I  refer 
to  the  protest  against  the  examination  system  in  education  which 
appeared  in  November  last.  That  protest  had  long  been  in  the  air. 
For  years  past  men  who  take  the  trouble  to  observe  and  to  reflect 
ha.ve  come  to  the  conclusion  that  competitive  examination  is  injurious 
to  the  individual,  injurious  to  the  race,  and  that  it  starves  original 
research  at  the  very  root.  They  have  convinced  themselves  that  if  we 
flaf  in  scientific  investigation,  that  if  a  large  and  increasing  propor- 
tion of  professorships  and  of  leading  positions  in  industrial  establish- 
ments, both  in  the  home  kingdom  and  in  the  colonies,  are  filled  by 
aliens,  the  fault  lies  mainly  with  our  educational  system.  Men  trained 
chiefly  to  pass  examinations  either  in  theoretical  or  practical  depart- 
ments cannot  equal  those  who  have  been  schooled  in  actual  research, 
trained  to  accurately  observe  and  draw  correct  inferences  from  facts. 
All  the  earlier  protests  were  desultory,  and  calculated  to  produce  no 
lasting  impression ;  but  the  recent  manifesto  is  the  expression  of  the 
collective  opinion  of  many  earnest  representative  men  and  women. 
Hence  it  cannot  be  slighted  as  the  mere  outcry  of  a  faction,  a  sect,  a 
school,  or  an  interest. 

A  most  satisfactory  feature  is  the  adhesion  to  the  protest  of  men 
who  formerly  were  in  favour  of  competitive  examination  as  the  test 
for  entrance  into  the  civil  or  military  service  of  the  State.  Professor 
Max  Miiller,  of  Oxford,  frankly  admits  he  now  considers  competition 
to  be  a  mistake,  and  avers  that  the  failure  springs  not  only  from  the 
manner  in  which  the  system  has  been  worked,  but  is  involved  in  its 
very  nature.     But  if  this  protest  is  to  avail  it.  must  be  energetically 


*  The  Technical  Division  was  discontinued  after  the  April  number,  1886. 
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followed  up,  for  I  must  repeat  what  I    have  before  declared,    that 
the  position  of  science  in  Britain  is  far  from  satisfactory. 

Though  the  number  of  articles  devoted  to  research  in  German 
iransactions  and  journals  exceeds  those  in  our  own  publications, 
we  must  remember  that  the  population  of  the  German  Empire  is 
greater  than  that  of  the  United  Kingdom  by  at  least  one-foui'tli ; 
further,  that  the  savants  of  Russia,  of  the  Austrian  Empire,  of 
^Switzerland,  of  Holland,  and  Scandinavia  largely  select  Gennan 
journals  as  their  medium  of  publication.  Not  a  few  English  and 
American  scientific  men  follow  the  same  course.  Hence,  as  regards 
quantity,  our  share  in  the  world's  scientific  work  is  more  considerable 
than  appears  at  the  first  glance.  Furthei-,  I  think  that  if  deficient  in 
quantity  English  research  excels  in  quality.  If  we  do  less  detailed 
work  we  furnish  a  larger  proportion  of  generalisations  and  laws  than 
most  of  our  rivals.  As  the  discoverers  of  laws  and  generalisations, 
Black,  Boyle,  Dalton,  Faraday,  Graham,  Joule,  Newton,  Wollaston,  and 
Young  are  household  words  in  the  laboratory — yet  none  of  these  men 
were  the  products  of  the  examination  system. 

There  is  another  evil  against  which  I  must  strongly  protest.  I 
refer  to  the  system  of  "  sealed  papers."  Everyone  knows  that  on 
the  Continent,  more  especiallj^  in  France,  it  is  common  for  anyone 
who  has,  as  he  thinks,  approached  the  solution  of  some  important 
question,  to  deposit  a  sealed  sketch  of  his  incomplete  results  with 
the  President  or  Secretary  of  some  learned  society.  The  sketch  may 
lie  perdu  for  years,  until  the  author  requests  it  may  be  opened  and 
read  before  the  Society.  The  practice  arose  from  a  desire  that  the 
author's  priority  should  be  guaranteed  against  others  who  might  lay 
claim  to  his  ideas.  But  priority  can  be  quite  as  effectually  secured 
by  a  brief  preliminary  notice  read  before  some  Society  or  sent 
to  some  journal,  the  author  thus  reserving  to  himself  the  further 
investigation  of  the  subject.  Among  men  of  honour  such  reserva- 
tions are  invariably  respected.  But  the  "sealed  paper"  system 
lends  itself  to  something  which  borders  unpleasantly  upon  fraud. 

Suppose  an  investigator  takes  up  some  question,  sees  that  it  admits 
of  two  or  more  solutions,  or  that  various  hypotheses  present  them- 
selves to  him  as  possible.  To  work  out  the  matter  conclusively 
might  require  much  time  and  trouble.  He  therefore  writes  out  each 
hypothesis,  and  incloses  them  separately  in  "  sealed  papers  "  duly 
numbered,  carefully  retaining  copies.  In  process  of  time,  some  other 
investigator,  ignorant  of  what  the  first  author  has  done,  takes  up  the 
subject  and  works  out  one  of  these  hypotheses  to  demonstration.  So 
.soon  as  his  supplementary  memoir  is  before  the  world,  the  first  in- 
vestigator requests  that  the  "  sealed  paper  "  No.  2  or  No.  3  be  opened 
and  read.     The  new  theory,    laboriously  considered  and  worked  out, 
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is  found  to  have  been  anticipated,  and  the  man  who  has  really  done 
the  work  is  robbed  of  much  of  his  credit.  The  seeming  anticipator 
says  nothing  about  the  contents  of  other  "  sealed  papers,"  in  which 
he  has  proposed  totally  different  hypotheses ;  these  he  now  leaves  to 
oblivion. 

I  think  the  Fellows  of  our  Society  will  agree  with  me  that  a 
system  which  thus  enables  a  man  to  reap  the  fruit  of  another  man's 
experiments  does  not  deserve  to  be  naturalised  in  England. 

There  is  a  further  abuse  to  which  attention  may  usefully  be  drawn. 
It  sometimes  happens  that  a  man  of  science  will  send  an  account  of 
researches  he  has  completed  to  two  journals  simultaneously,  English 
or  foreio-n,  leaving  each  editor  under  the  impression  that  he  is  the  sole 
recipient  of  the  communication.  Or,  still  worse,  a  man  reads  a  paper 
before  our  Society  and  sends  it  to  some  foreign  journal,  so  that  it 
may  figure  in  print  before  it  appears  in  the  Society's  Ti-ansactions. 

To  this  subject  I  felt  compelled  to  refer  when  I  had  the  honour  of 
addressing  you  last  year.  And  you  are  now  aware,  your  Council  has 
resolved  that  no  memoir  be  published  which  has  previously  appeared 
in  a  foreign  journal  unless  specially  recommended  by  the  Publication 
Committee  and  approved  by  the  Council.  The  reasons  for  this 
rosolution  are  not  hard  to  seek.  Not  merely  is  the  reputation  of 
the  Society,  as  the  original  channel  of  the  researches  in  question, 
imperilled,  or  at  least  obscured,  but  a  serious  waste  of  time  and 
labour  is  inflicted  upon  anyone  who  needs  to  read  up  the  literature 
of  the  subject.  We,  in  England,  are  by  no  means  the  only  sinners  in 
this  respect.  It  often  happens  that  memoirs  which  have  been  read 
before  the  Paris  Academy  of  Sciences  reappear  as  "  original  matter" 
in  certain  French  journals. 

I  cannot  pass  over  a  discovery  made  this  season  by  Dr.  Kriiss  con- 
cerning nickel  and  cobalt.  As  at  first  reported,  it  seemed  that  these 
twa  metals  might  be  eliminated  from  our  text-books,  and  that  two 
or  thi'ee  new  substances  would  take  their  place.  Had  this  been  the 
case  it  would  undoubtedly  have  been  one  of  the  greatest  steps  in  pure 
chemistry  taken  this  century.  It  now  appears  that  each  of  the  two 
metals  contains  a  common  impurity  which  Dr.  Kriiss  has  been  the 
first  to  detect  and  isolate.  Nickel  and  cobalt  thus  purified  will  still 
retain  their  individuality,  though  their  accepted  properties,  physical 
and  chemical,  will  need  careful  revision. 

In  any  case  the  discovery  is  most  instructive,  warning  us  how 
careful  we  should  be  to  have  firm  ground  under  our  feet.  It  is 
almost  humiliating  that  two  metals  which  have  been  subjected  to 
infinite  research  and  scrutiny,  should  now  be  found  to  contain  siich  a 
propoi'tion  of  unsuspected  impurity. 

You  are  aware  that  at  the  ballots  for  the  election  of  Fellows  half 
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an  hour  or  more  of  valuable  time  is  thus  spent  in  a  manner  which, 
to  saj  the  least,  is  not  very  interesting.  An  attempt  has  been  made 
to  save  time  by  taking  the  ballot  in  the  library,  after  the  meeting, 
but  so  many  Follows  leave  before  the  end  of  the  meeting  that  the 
number  remaining  has  not  been  found  sufficient  to  meet  the  require- 
ment of  the  bye-laws.  Your  Council  have  from  time  to  time  bad 
this  matter  under  discussion,  and  at  their  last  meeting,  on  the  21st 
inst.,  it  was  resolved  "That  in  fatnre  the  balloting  for  Fellows  be 
conducted  by  menus  of  papers."  The  best  manner  of  carrying  out 
this  resolution  will  be  a  subject  for  futui-e  arrangement. 

A  posthumous  memoir  on  the  compressibility  of  hydrogen,  by  the 
late  Professor  Wroblewski,  reminds  us  of  the  sad  and  untimely 
death  of  this  meritorious  and  di.stinguished  worker  in  physical 
chemistry.  His  death,  as  most  of  us  doubtless  are  aware,  was  due 
to  the  frightful  burns  which  he  received  from  the  overturning  or 
explosion  of  a  paraffin  lamp.  In  the  memoir  in  question,  Professor 
Wroblewski  treats  of  the  compressibility  of  hydrogen  at  99°,  at  0°, 
at  — 103'5°  (boiling  point  of  ethylene),  and  at  — 182"4°  (boiling 
point  of  oxygen),  for  pressures  ranging  from  1  to  70  atmospheres, 
From  the  results,  the  following  data  were  calculated : — Critical 
temperature,  —240°;  critical  pressure,  I'S'd  atmospheres;  critical 
volume,  0-00335.  Hence  it  appears  very  doubtful  whether  M.  Pictet 
or  M.  Cailletet  really  succeeded  in  liquefying  hydrogen. 

Last  year  I  had  the  pleasure  to  announce  that  one  of  our  Fel- 
lows, Mr.  Newlands,  had  received  the  "  Davy  Medal  "  of  the  Royal 
Society  for  his  splendid  discovery  of  the  Periodic  Law  of  the  Chemi- 
cal Elements.  I  may  also  be  allowed  to  state  that  to  me,  your 
President,  the  Royal  Society  has  likewise  awarded  the  same  dis- 
tinction for  my  Researches  on  the  Behaviour  of  Substances  under 
the  influence  of  the  Electric  Discharge  in  a  High  Vacuum,  with 
especial  reference  to  their  Spectroscopic  Reactions. 

Hence  it  has  been  suggested  that  I  might  not  unprofitably  claim 
your  attention  this  evening  for  a  history  of  the  so-called  rare  earths, 
as  they  have  been  brought  to  light  and  discriminated  by  the  aid  of 
the  spectroscope. 

If  I  name  the  spectroscope  as  the  most  important  scientific  inven- 
tion of  the  latter  half  of  this  century,  I  shall  not  fear  to  be  accused 
of  exaggeration.  Photography  has  rendered  vast  services  in  record- 
ing astrunomical  and  biological  phenomena,  and  it  even  supplies  us 
with  indirect  means  of  studying  ray  vibrations  to  which  the  human 
retina  does  not  respond.  The  electro-acoustic  devices  of  Edison  and 
his  co-workers  permit  almost  magical  communication  between  human 
beings.  RuhmkorfF's  coil  and  the  Geissler  tube  have  rendered 
notable    service    in    phj-sical    investigation ;    and    the    electric    lamp 
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promises  to  aid  in  exploring  the  internal  parts  of  living  animals  as 
well  as  in  studying  the  organic  forms  of  the  deep  sea.  But  in  the 
spectroscope  we  possess  a  power  that  enables  us  to  peer  into  the  very 
heart  of  Nature.  In  the  extent  of  its  grasp  and  the  varied  character 
of  its  applicability  it  surpasses  the  telescope,  and  at  least  rivals  the 
microscope.  It  enables  the  astronomer  to  defy  immeasurable  dis- 
tance, and  to  study  the  physical  condition  and  the  chemical  composi- 
tion of  the  sun  and  tlie  stars  as  if  they  were  within  touch,  and  even 
to  ascertain  the  direction  of  their  movements. 

Without  attempting  to  discuss  the  import  of  the  results  thus 
gained — which  would  lead  us  too  far — I  may  point  out  that  they 
overthrow  a  dogma  concerning  the  classification  of  the  sciences.  It 
has  been  said  that  the  simpler  and  more  general  sciences  lend  both 
doctrines  and  methods  to  the  more  complex  and  less  general  sciences, 
and  that  the  latter  give  nothing  in  return.  But  we  now  see 
chemistry  endowing  astronomy  with  an  original  and  fruitful  method 
of  research. 

Turning  to  the  very  opposite  extremity  of  the  scientific  hierarchy 
we  find  that  to  the  biologist  the  specti'oscope  is  of  value  in  studying 
the  relations  of  animal  and  vegetable  fluids,  and  even  of  certain 
tissues.  But  this  wonderful  instrument  is  clearly  destined  to  play 
its  chief  part  in  what  is  called  terrestrial  chemistry — the  field  where 
it  has  won  the  most  signal  triumphs. 

It  must  be  remarked,  despite  this  vast  range  of  applicability,  a 
range  sweeping  through  the  whole  universe  and  embracing  all  the 
four  elements  of  antiquity ;  and  despite  the  astonishing  results 
already  achieved  and  the  prospect  of  greater  revelations  to  come,  that 
the  spectroscope  is  still  inadequately  appreciated  by  professed  men  of 
science,  and  in  consequence  is  to  a  great  extent  ignored  by  the 
"  educated  and  intelligent  public."  In  urging  its  more  thorough 
recognition  I  do  not  advocate  the  formation  of  spectroscopic  societies 
for  the  fragmentary  study  of  everything  that  can  be  observed  with  a 
spectroscope.  But  I  recommend  researching  chemists  to  appeal  to 
this  instrument  wherever  requisite  and  possible. 

An  elaborate  spectroscopic  study  of  the  basic  constituents  of  rare 
minerals  from  different  localities  would  be  of  great  value,  and  I 
would  suggest  that  on  all  possible  occasions  meteorites  should  be  sub- 
mitted to  careful  spectroscopic  analysis. 

I  do  not  propose  to  discuss  all  the  splendid  achievements  of  the 
spectroscope  in  chemistry ;  nor  its  applications  in  ordinary'  analysis, 
qualitative  and  quantitative  ;  nor  the  conduct  of  technical  operations, 
such  as  the  Bessemer  process.  I  confine  myself  to  the  light  thrown 
by  the  spectroscope  upon  the  natui'e  and  the  relations  of  our  elements, 
real  or  supposed. 
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Tliougli  sy.steinaticully  employed  by  few  experimentalists,  tlie 
spectroscope  has  already  led  to  the  discovery  of  several  hitherto 
unknown  elements.  In  the  early  days  of  spectrum  analysis  attention 
was  mainly  concenti'ated  on  the  flame  spectra  :  that  is,  the  bodies  in 
question  were  vaporised  and  rendered  luminous  by  the  action  of  a 
flame,  such  as  that  of  the  Bunsen  burner  or  of  the  oxyhydrogen  jet. 
'J'his  procedure  in  the  hands  of  Bunsen  and  Kirchhoif  gave  us  capsinni 
and  rubidium  ;  afterwards  in  my  own  hands,  thallium  ;  and  in  those 
of  Reich  and  Richter,  indium. 

Then  followed  the  production  and  examination  of  spai-k-specti-a. 
The  spark  produced  by  means  of  the  induction  coil,  especially  when 
its  energy  is  reinforced  by  the  intercalation  of  a  Lej'den  jar,  volati- 
lises and  renders  luminous  minute  portions  of  matter,  solid,  liquid,  or 
gaseous,  which  may  then  be  examined  by  the  spectroscope.  In  this 
manner  gallium  was  discovered  in  1875  by  Lecoq  de  Boisbaudran. 
In  consequence  of  the  sharpness  and  the  well-marked  character  of 
these  spark-spectra  they  are  relied  on  by  chemists  as  certain  proof 
of  the  identity  of  any  two  elements  which  yield  identical  spectra. 

Next  was  introduced  the  systematic  study  of  the  absorption-spectra 
seen  when  a  beam  of  light  is  passed  through  certain  transparent 
solids  or  through  solutions  of  various  substances.  One  of  the  earliest 
ob.servers  in  this  branch  of  spectroscopy  was  Ur.  GLidstone,  who,  in 
1858,  read  before  this  Society  a  paper  on  the  absorption  of  light  by 
various  metallic  salts,  and  gave  the  first  description  of  the  absorption- 
spectrnm  of  didymium.  This  branch  of  spectroscopy  has  proved  not 
less  fruitful  in  the  recognition  of  new  metallic  elements. 

In  the  investigation  of  the  rare  earths  my  principal  object  has  been 
to  separate  the  true  from  the  undemonstrated  and  spurious,  verifying 
the  true,  rejecting  the  spurious,  and  reducing  as  far  as  possible  the 
nuuiber  of  the  doubtful.  In  the  following  table  I  have  given  a  list  of 
the  so-called  "rare  elements,"  with  which  for  the  last  seven  or  eiglit 
years  I  have  been  specially  occupied.  Column  1  gives  the  names  by 
which  they  ai"e  commonly  known.  Column  2  gives  their  atomic 
weights,  &c.  Column  3  shows  in  what  manner  they  come  under  the 
domain  of  spectroscopy ;  and  columns  4  and  5  notify  the  compo- 
nents or  meta-elements  into  which  some  of  these  bodies  have  been 
decomposed  in  1886  by  myself,  and  in  1887  by  Kriiss  and  Nilson. 
In  the  first  column  I  have  exei-cised  a  judicial  leniency  in  retaining 
candidates,  for  the  sake  possibly  of  old  associations,  when  strict  justice 
would  have  disestablished  them.  Thus,  it  may  be  doubted  whether 
decipium,  phdippmm.  or  gadolinium  should  have  been  retained. 
But  since  doubts  have  been  cast  on  the  integrity  of  nearly  all  the 
occupants  of  this  column  the  line  should  not  be  drawn  too  strictly. 
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Table  I. 


Atomic  weight  of 
metal  and  for-         Gives  spectrum 
mula  of  oxide.  b^ — 

(^Neodymium — •      "^ 
140-3.  NdoOj. 

Praseodyniium- 
Didymium ■{       143  (J.  Fr.fi-^.      \-      Absorption. 


Thulium . . . 
Dysprosium 


Yttrium 


Component  meta-elements 
aceorchng  to — 


Unnamed. 


Crookes 
(1886). 


r       Da        1 
i    A  =  475    J 


Deeipium  .... 

Samarium .... 

Lanthanum. . . 

Erbium 

Philippium ... 

Holraium  .... 


-I  r/-.  1  o  o      r\      f    Absorption  and 
150'12.  SnioOs.    •<     1        / 

-    •*      [  phosphorescence. 


138.  La.,0, 


Phosphorescence. 


Nilson  and 
Kriiss(1887). 
Dio 
Di/3 
Di7 
Dio 
Die 
Di// 
Did 
Dit 
Dix 


Smo 
SnijS 


Ifif   F    O  /   Absorption  and 

■^    ^'        L  pliosphorescence. 

45—  48.  PpO.        Phosphorescence. 


A.  550 
A  493 


Ero 
Er/3 


170-7.  TmoO,. 


Absorption. 

Absorption. 
Absorption. 


A  457—448 
(1888) 


f     Ga 

I       Ci/3 

as 

Cx/3 


Lecoq  de 
Boisbaudran. 

Za 

Tb 
Yt 


88-9.  YtoOg.         Phosphorescence. 

Terbium 124-7.  Tb^Og. 

Gadolinium  (I'o)  —                 Phosphorescence. 

Y'tterbiiun 173-01.  YboOj.       Phosphorescence. 

Scandium 4403.  ScjOs. 

At  first  spectroscopic  examination  was  applied  directly  to  sub- 
stances, natural  or  artificial,  whicli  had  not  undergone  any  special 
preparation.  The  idea  next  occurred  of  attempting'  to  split  up 
substances  supposed  to  be  simple  into  heterogeneous  constituents 
before  appealing  to  the  spectroscope.  The  refined  chemical  processes 
used  for  this  operation  may  be  summarised  under  the  name  of  frac- 
tionation, whether  they  be  fractional  precipitations,  crystallisations, 
or  decompositions.     The  essential  principles  of  this  process  were  so 
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f ullv  discussed  on  the  last  occasioji  when  I  liad  the  honour  of  address- 
ing you  that  I  need  not  further  allude  to  them. 

The  Didyviium  Group. 

A  combination  of  such  delicate  and  prolonged  chemical  processes 
with  spectroscopic  examination  applied  to  bodies  showing  absorption 
spectra  soon  led  to  important  discoveries.  Fig.  1a*  shows  what  1  may 
call  the  normal  didymium  spectrum,  as  it  was  generally  recognised 
down  to  the  year  1878.  Fig.  1b  shows  the  whole  of  the  absorption- 
bands  belonging  to  bodies  subsequently  separated  from  didymium  by 
fractionation.  \Yhen  in  1878  the  didymium  from  samarskite  was 
examined  by  Delafontaine  (Compt.  rend.,  87,  632;  Chem.  Neivs, 
38,  223)  he  found  it  to  differ  somewhat  from  ordinary  didymium 
as  extracted  from  cerite  and  gadolinite,  and  by  a  series  of  chemical 
fractionations  he  succeeded  in  separating  from  it  an  earth  which 
he  called  decipium,  giving  at  least  three  absorption-bands,  one 
having  a  wave-length  of  416  (1/X"  578)  ;  another  narrower  and 
stronger,  at  wave-length  478  {IjX^  438),  and  a  very  faint  "minimum 
of  transmission  "  near  the  limit  of  the  blue  and  green.  Nine  months 
later  Lecoq  de  Boisbaudran  {Compt.  rend.,  89,  212 ;  Chem.  News, 
40,  99)  announced  the  discovery  of  samarium  as  a  constituent  of  the 
didymium  fi-om  samarskite,  giving  a  drawing  of  tlie  decipium  and 
samarium  spectra  to  a  common  scale  (Fig.  2),  from  which  it  is  seen 
that  samarium  is  characterised  by  the  bands  of  Delafontaine's 
decipium  together  with  two  additional  bands.  Fig.  3  shows  the 
samarium  spectrum  from  the  latest  measurements. 

Still  didymium  was  not  reduced  to  its  ultimate  simplicity.  In 
1885  Carl  Auer  (Monatsh.  Chem.,  6,  477),  by  fractionally  crystal- 
lising the  mixed  nitrates  of  ammonium,  didymium,  and  lanthaimm, 
showed  it  was  thus  possible  to  cleave  didymium  in  a  certain  direction 
and  separate  it  into  two  other  bodies,  one  giving  green  salts  and 
the  other  pink  salts.  Each,  of  these  has  a  characteristic  absorption- 
spectrum,  the  sum  of  the  two  sets  of  bands  approximating  to  the  old 
didymium  spectrum.  These  bodies  the  discoverer  has  named  re- 
spectively praseodymium  and  neodymium.  The  neodymium  spectrum 
(Fig.  4),  according  to  Auer,  consists  of  the  whole  of  the  bands  in 
the  red,  with  part  of  the  large  one  in  the  yellow ;  it  then  misses  all 
the  green  and  blue,  and  takes  in  the  second  line  in  the  violet.  Fig.  5 
is  the  spectrum  of  praseodymium,  which  J  have  also  taken  from 
Auer's  description  ;  it  takes  the  other  part  of  the  yellow  band  and  all 
the  green  and  blue,  except  the  second  blue,  which  belongs  to  neo- 
dymium.     Subtracting    these    two    spectra  from   the  old   didymium 

*  All  the  figures  are  drawn  to  tlie  1/a."-  scale. 


21)0  ANNUAL   GENERAL   MEETING. 

spectrum  (Fig.  1)  you  see  there  are  still  two  bands  left  at  X  462  and 
475  (1/X,*465  and  443).  Assuming  tliat  the  argument  from  absorp- 
tion-spectra is  a  legitimate  one — and  all  recent  research  tends  to  show 
that  if  not  quite  trustworthy  it  is  at  all  events  a  weighty  one — tlie 
inference  I  draw  from  these  results  is  that  the  old  didymium  still 
contains  a  third  body  distinct  from  neo-  and  praseo-dymium,  to  which 
one  or  both  of  these  extra  bands  is  due. 

I  must  venture  to  lay  especial  emphasis  on  the  words  in  a  certain 
direction.  Didymium  in  my  own  laboratory  has  undergone  other 
cleavages,  and  I  have  not  yet  decided  whether  we  shall  have  to 
recognise  further  decompositions  of  neo-dymium  and  praseo-dymium, 
or  whether  the  original  didymium  is  capable  of  being  resolved 
differently  according  to  the  manner  in  which  it  is  treated.  Keeping 
the  band  in  the  orange  always  of  the  same  strength,  in  many  of  the 
fractions  of  didymium  from  different  sources  the  other  bands  of  neo- 
and  praseo-dymium  are  seen  to  vary  from  very  strong  almost  to 
obliteration  (Chem.  News,  54,  27).  In  this  way  I  have  worked  on 
the  spectra  of  didymium  from  allanite,  cerite,  euxenite,  fluocerite, 
gndolinite,  hielmite,  samarskite,  yttrotitanite,  &c.,  and  the  further  I 
carry  the  examination  the  more  the  conclusion  is  forced  upon  me  that 
didymium  must  not  be  regai'ded  as  compounded  of  two  elements  only, 
but  rather  as  an  aggregation  of  many  closely  allied  bodies.  Later 
researches  of  Kriiss  and  Nilson  have  led  them  to  the  same  conclusion. 

When  working  in  1886  on  the  decomposition  of  the  nitrate  of 
didvmium  by  heat,  I  found  very  decided  indications  of  the  possibility 
of  depriving  didymium  of  band  after  band  until  only  the  deep  line  in 
the  blue  X  443  (l/A-  509-6)  is  left  (Proc.  Hoy.  Soc,  40,  503).  I  have 
provisionally  named  this  single  band  element  Da.  In  this  connection 
I  would  like  to  draw  your  attention  to  a  few  facts  which  have  vei-y 
recently  come  to  light. 

In  some  of  my  fractions  of  didymium  the  band  X  475  (l/X^  443) 
intensifies  in  company  with  another  band  at  \  462  (l/X^  465). 
Fig.  6  shows  at  A  the  group  of  blue  bands  as  they  are  seen  in  a 
strong  solution  of  didymium.  It  forms  a  well-marked  set  of  four 
com.paratively  sharp  lines,  one  at  \  462  (1/X"  465)  being  the  faintest. 
Under  these  lines  I  show  (Fig.  6,  B)  the  same  group  as  seen  in 
fractions  of  the  same  solution  of  didymium  after  disintegration 
has  commenced.  This  fraction  is  very  similar  to  Auer's  praseo- 
dymium ;  and  below  this  (Fig.  (5,  C)  I  again  sliow  the  same  group  as 
seen  in  the  didymium  fractions  most  removed  from  the  one  last 
described.  Here  the  two  lines  X  475  (l/\-  443)  and  X  462  (l/X'  465) 
have  become  very  strong,  while  the  other  two  have  almost  faded 
out.  One  of  these,  X  475  (l/V^  443),  is  included  by  Auer  in  tht^ 
spectrum  of   his  crude  didymium,  but  he  makes  no  further  i-eference 
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to  it  either  in  description  or  diagram.  Of  these  lines,  \  4G2  (l/\"  ''4o), 
probably  belongs  to  the  samarium  group,  but  the  other,  X-  475 
(l/\'"  453),  cannot  belong  to  samarium,  although  it  superposes  on  the 
most  refrangible  half  of  the  brbad  and  ill-detined  smiarium  band. 

In  a  paper  read  befoi-e  the  Royal  Society  dated  June  9,  1886 
(Coiiipt.  rend.,  102,  l-"i51),  I  gave  an  account  of  some  observations  I 
had  made  upon  the  line  X  475  (l/\-443),  proving  that  it  could  be 
separated  from  the  old  didymiuni  spectrum,  and  in  conclusion  said  it 
"  must  be  regarded  as  characteristic  of  a  new  body." 

Subsequent  to  my  paper  Demar^ay  {ibid.)  drew  attention  to 
this  line  at  X  475  (l/\-443),  and  in  1887  (Compt.  rend.,  104,  580) 
he  again  returned  to  the  subject,  associating  the  two  lines  A,  475 
(l/\-  448)  and  \  4G2  (1/A,^  4G5)  as  being  due  to  the  same  element. 
With  this  opinion  I  cannot  yet  agree,  for  in  many  instances  I  liave 
had  fractions  in  which  the  relative  intensities  of  the  two  are  widely 
different.  More  recently  Kriiss  and  Nilson  have  ascribed  this 
line  to  one  of  the  constituents  of  Soret's  X  or  holmium,  which 
gives  a  line  falling  nearly  on  the  same  place  (Ckem.  Neifi<,  56,  154, 
178). 

By  examining  t;lie  absorption-spectra  of  solutions  of  rare  earths 
obtained  from  widely  different  sources,  Kriiss  and  Nilson  (JJer., 
20,  Part  XII,  2134;  and  Chem.  News,  56,  74,  85,  135,  145, 
154,  165,  172)  came  to  the  conclusion  that  the  elements  giving 
absorption-spectra,  and  known  as  didymium,  samarium,  holmium, 
thulium,  erbium,  and  dysprosium,  were  not  homogeneous,  but  that 
each  one  contained  almost  as  many  separate  components  as  it  pro- 
duced bands  of  ab.sorption. 

They  have  discovered  tliat  in  didymium  obtained  from  some  minerals 
one  of  the  fainter  lines  of  the  normal  didymium  spectrum  is  strong, 
while  others  usually  stronger  are  almost  or  quite  absent ;  results  to 
which  I  shall  presently  refer  will  show  that  this  cannot  be  explained 
by  dilution  or  concentration.  In  this  way,  by  examining  a  great 
number  of  minerals,  they  found  anomalies  occurred  in  the  case  of 
almost  each  of  tlie  old  didymium  lines,  and  therefore  decided,  as 
above  mentioned,  tliat  it  is  a  compound  body,  capable  of  resolution 
into  at  least  nine  separate  components. 

Identical  arguments  are  brought  forward  to  prove  that  each  of 
the  other  so-called  elements,  samarium,  erbium,  holmium,  thulium, 
dysprosium,  &c.,  are  compounds  of  many  closely  allied  bodies. 

Kriiss  and  Nilson,  I  believe,  are  pushing  their  investigations 
■with  the  object  of  isolating  the  separate  components  of  these  dif- 
ferent earths.  They,  however,  question  the  possibility  of  resolving 
the  erbia  and  didymia  earths  into  their  several  ultimate  constituents 
by  a  fractionated  decomposition  of  the  nitrates.     In  fact  they  assert  that 
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by  means  of  the  metliods  of  separation  at  present  known  it  would  be 
almost  impossible  to  completely  isolate  any  single  constituent  of  the 
mixed  earths.  They  therefore  propose,  as  I  had  previously  done,*  a 
niethod  by  which  we  may  certainly  arrive  nearer  to  the  mark  and 
dispense  with  much  tedious  fractionation.  If  we  examine  the  minerals 
which  contain  these  rare  earths  we  find  they  occur  in  very  different 
states  of  mixture  or  combination.  Sometimes  many  of  the  consti- 
tuents which  we  wish  to  separate  are  conjointly  preseut,  and  some- 
times but  few.  The  desired  diffei-entiation,  in  fact,  has  already  been 
commenced  by  Nature.  Kriiss  and  Nilson,  therefore,  whichever  ingre- 
dient they  wish  to  separate,  propose  to  operate  on  a  mineral  which 
contains  that  ingredient  as  far  as  possible  in  a  state  of  isolation.  In 
other  words,  they  will  take  advantage  of  the  work  that  Nature  has 
already  begun,  and  endeavour  by  refined  chemical  means  to  put  the 
last  finishing  touches  to  her  work.  Thus  they  will  be  able  to  work 
with  smaller  quantities  of  primary  material, — no  small  consideration 
in  the  case  of  some  minerals, — and  to  obtain  results  in  a  shorter  time. 
How  widely  the  composition  of  one  and  the  same  mineral,  as  judged 
by  our  searching  physical  tests,  may  vary,  will  be  seen  from  the 
following  instances.  Fergusonite  from  Arendal  shows  six  of  the 
bands  of  holmium,  fergusonite  from  Ytterby  four,  and  that  from 
Hittero  only  three.  Moreover,  the  ingredient  provisionally  called 
Xx  is  to  be  found  in  the  fergusonite  from  Ytterby,  but  not  in  that  of 
Arendal  and  Hittero. 

The  foundation  for  thus  firmly  declaring  what  I  had  previously 
ventured  to  infer,  is  the  striking  differences  in  the  spectra  given  by 
several  specimens  of  one  earth,  say  didymium,  when  obtained  from 
different  sources. 

We  are  anxiously  waiting  the  results  of  this  investigation,  but 
although  the  paper  quoted  was  published  in  July,  1887,  no  furiher 
communication  has  come  from  these  illustrious  workers. 

Chemists  recently  have  stated  as  proof  of  the  existence  of  new 
elements  the  fact  that  certain  bands  of  absorption,  as  seen  in  various 
fractions,  "  follow  the  same  variations  of  intensity."  Before  deciding 
the  question  whether  didymium  is  a  homogeneous  whole,  or  whether 
an  argument  in  favour  of  its  heterogeneity  can  be  based  on  the  fact 
that  the  absorption-spectra  of  didymium  from  different  minerals 
differ  inter  se,  it  was  necessary  to  ascertain  if  the  absorption-bands 
seen  in  its  solutions,  whatever  the  thickness  of  the  layer,  whether 
dilute  or  concentrated,  followed  the  same  variations,  and  also  to 
ascertain    the    nature    of    these    variations.       To   contribute    to    this 

*  "Address  to  the  Chemical  Section  of  the  British- Association,  Birmingham 
Meeting,"  Ckem.  News,  54,123.  "  On  the  Fractionation  of  Yttria,"  Chem.  News, 
54,  157.     Proc.  Roif.  Soc,  40,  1886,  5  5. 
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inquiry  I  examined  the  altsorptiun-spectrum  of  a  solution  of  neutral 
didymium  nitrate  containing  one  part  by  weight  of  metal  in  10  of 
water,  as  seen  through  a  series  of  cells  from  1  mm.  to  25  mm.  in 
thickness.  Fortius  work  I  used  a  new  form  of  binoeular  s])ectroseope, 
fitted  with  a  mechanical  tracing  arrangement,  so  that  each  spectrum 
can  be  automatically  mapped  on  paper  strips ;  from  this  set  of 
tracings  I  have  arranged  the  diagram  (Fig.  7)  now  before  you.  Jt 
represents  the  bands  of  the  normal  didymium  spectrum.  The  hgures 
running  up  the  side  represent  the  thickness  of  the  layer  of  solution 
observed,  and  they  show  at  a  glance  the  "  life  "  of  each  of  the  bands. 
At  the  bottom,  2o  mm.  thickness,  all  the  known  bands  are  visible, 
and  they  become  fainter  and  die  out  in  the  particular  order  here 
given,  some  of  them  remaining  visible  almost  to  the  end.  For 
instance,  almost  as  long  as  the  deep  line  in  the  blue  part  of  the 
spectrum  at  \  448  (1/X-'  501>),  my  Da,  can  be  distinguished,  it  is  possible 
to  see  tlie  group  of  three  very  narrow  ones  next  to  it.  Two  or  three 
other  less  characteristic  bands  can  be  seen  only  when  there  is  a  very 
considerable  depth  of  liquid  ;  thus,  the  three  lines  in  the  red  A  63t), 
628,  022  (l/V'  247,  253,  258),  cannot  be  seen  distinctly  through  less 
than  20  mm.  of  this  strength  of  solution. 

Having  ascertained  in  this  series  how  the  spectra  varied  in  appear- 
ance with  different  thicknesses  of  the  same  solution  (strength  1  of  Di 
in  10  of  water),  I  repeated  the  experiments,  keeping  the  thickness  of 
layer  of  solution  constant,  and  diluting  the  standard  solution  of 
didymium  so  that  the  rays  of  light  passed  through  the  same  quantity 
of  metal  as  in  the  former  series.  The  results  in  each  case  were 
practically  identical ;  the  differences  being  too  slight  to  be  detected 
in  my  apparatus.  The  spectrum  exhibited,  for  instance,  by  1  mm.  of 
the  stanaard  solution  of  didymium  is  found  to  be  identical  with  the 
spectrum  shown  by  the  same  solution  diluted  20  times  and  viewed 
through  a  20  mm.  cell. 

It  will  be  seen  that  in  the  case  of  1  mm.,  not  only  the  line  in  the 
yellow  at  X  582  (1/X^  292)*  is  to  be  seen,  but  alsx)  two  in  the  green 
at  \  525  (l/\='  368)  and  X  510  (1/X-  382).  Therefore,  to  get  a  more 
simple  spectrum,  I  diluted  the  solution  to  1  of  didymium  in  2U  of 
liquid.  1  mm.  thickness  of  this  shows  little  else  than  a  broad  faint 
trace  of  the  line  in  the  yellow,  A.  582  (1/X-  292). 

In  the  year  1886  {Proc.  Moij.  Soc,  40,  502,  June  9,  1886  ;  Chem.  News, 
54,  27,  July  19,  1886)  I  demonstrated  from  experiments  on  the 
fracti(mation  of  didymium  that  this  element  was  very  probably  a 
compound  capable  of  being  resolved  into  a  number  of  constituents, 
each  represented   by  a  single    band,   like   the  cases   of  yttrium   and 

*  The  \  and  ]/A-  lengths  given  liere  are  only  approximate. 
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samarium,  which  give  bands  by  phosplioi-escence.  In  Kriiss  and 
Nilson's  case,  the  batch  of  crude  earth  contained  in  any  single 
mineral  was  examined  as  a  whole  withoat  any  attempt  to  separate 
the  earths,  and  the  composition  of  some  of  these  minerals  is  extra- 
ordinarily complex,  euxenite  for  example  contnining,  after  removal  of 
the  other  metals,  the  rare  bodies  Ce,  La,  Di,  Sm,  Yt,  Er,  Tr,  Ho,  Tm, 
Th,  De,  So,  Dj,  Be,  Nb,  Ta. 

In  my  own  case  the  didyraium  earths,  upon  which  I  formed  the 
"one  band  one  element"  theoiy  (Chem.  News,  54,  27)  were  in  a 
much  more  simple  state,  as  the  whole  of  the  yttrium  group,  including 
erbium,  holniium,  thulium,  &c.,  antl  others,  had  been  removed,  and 
the  earth  under  examination  pro-bably  contained  little  besides 
didymium  and  lanthanum,  with  ti"aces  only  of  samarium,  yttrium, 
and  calcium.  But  not  even  here  was  the  earth  under  examination  in 
a  state  of  even  approximate  purity. 

There  are  at  least  two  points  in  these  researches  that  I  must  touch, 
since  they  illustrate  the  necessity  of  great  caution  in  drawing 
conclusions  from  an  examination  of  absorption-spectra.  Paul 
Kiesewetter  and  Kriiss  (Ber.,  21,  2310  ;  Chem.  News,  58,  75,  91)  have 
recently  published  a  paper  on  this  subject,  although  it  goes  no  further, 
nor  indeed  so  far  as  the  previous  communication  of  Kriiss  and 
Nilson.  They  have  examined  gadolinite,  and  find  that  some  con- 
stituents of  didymium  and  samarium  are  absent,  notably  those 
which  produce  the  group  of  lines  in  the  green  to  which  I  have  already 
referred.  In  my  own  laboratory  I  have  worked  for  the  last  two  years 
almost  exclusively  upon  the  earths  from  gadolinite — of  which  I  have 
obtained  a  large  quantity  from  Fablun — and  there  is  not  the  shadow 
of  a  doubt  that  in  my  gadolinite  earths  the  lines  reported  absent  by 
Kiesewetter  and  Kriiss  are  present  in  abundance. 

Some  hitherto  unexplained  condition  doubtless  rendered  these  lines 
invisible  to  Kiesewetter  and  Kriiss ;  pei'haps  the  presence  of  some 
other  earths,  or  some  condition  of  concentration  or  acidity.  In  the 
liarht  of  this  knowledg-e  I  do  not  see  how  we  can  take  the  results 
of  Kriiss  and  Nilson  or  my  own  as  final. 

Concerning  the  influence  of  one  body  upon  another  little  is  yet 
known,  but  that  little  is  of  sufiicient  importance  to  make  us  very 
careful  how  we  interpret  absorption-spectra  when  uncorroborated  by 
chemical  results.  Lecoq  de  Boisbaudran  and  Smith  have  pointed 
out  some  important  moditications  produced  in  absorption-spectra  by 
an  excess  of  acid  {Compt.  rend.,  88,  1167),  and  later  on  Soret 
(Compt.  rend.,  September  15,  1879)  veiitied  these  observations. 
Brauner  and  others  have  recorded,  experiments  on  mixing  solutions  of 
didymium  and  samarium ;  they  find,  in  the  case  of  a  didymium  solu- 
tion showing  the  group  of  three  bands,  \  476,  469,  428  (l/\"430"4, 
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441"8,  454'6),  that  by  adding  a  dilute  solution  of  samai-iuni,  all  tlirco  of 
these  bands  vanish  without  any  appearance  of  any  of  the  samarium 
bands,  until  a  certain  proportion  is  reached,  when  the  samarium  bands 
o-radually  come  in  their  phice  (Brauner,  Trans.  Chem.  Soc,  1883,  43, 
280).  In  my  own  experiments,  I  find  tliat  from  a  solution  of  erbia 
which  originally  shows  no  trace  of  the  strong  didymium  band 
lying  between  \  596  and  572  (l/\'  281  and  305),  appreciable  quantities 
of  didymium  can  certainly  be  squeezed  out  by  fractionation. 

Owing  to  its  comjilicated  nature,  Kiesewetter  and  Kriiss  consider 
gladolinite  an  unfavourable  source  of  didymium  for  these  investiga- 
tions, and  recommend  that  a  large  quantity  of  earth  from  keilhauite 
should  be  systematically  worked  up,  for  the  reason  that  keilhauite 
didymium  is  more  simple  in  constitution. 

The  Erhinm  Group. 

It  is  known  that  a  certain  oxide,  10  years  ago  called  erbia,  and 
regai-ded  as  belonging  to  a  simple  elementary  body,  has  been  resolved 
by  the  investigations  of  Delafontaine,  Marignac,  Soret,  Nilson,  Cleve, 
Brauner,  and  others  into  at  least  six  distinct  earths — three  of  them, 
scandia,  ytterbia,  and  terbia,  giving  no  absorption-spectra,  whilst 
others,  erbia  (new),  holmia,  and  thulia,  give  absorption-spectra. 

In  Fig.  8a  I  have  rey)resented  the  old  erbium  absorption-spectrum, 
as  it  was  known  dow^n  to  the  year  1878.  In  Fig.  8b,  as  in  the  case 
of  didymium,  I  have  given  for  diagrammatic  purposes  certain  lines 
which,  not  seen  in  unfractionated  erbia,  belong  to  bodies  capable  of 
being  separated  from  it  by  fractionation. 

The  first  to  announce  that  erbium  was  not  a  simple  body  was 
Delafontaine,  who  in  1878  (Compt:  rend.,  87,  559  ;  Chem.  News,  38, 
202)  published  an  account  of  philippium,  a  yellow  oxide  charac- 
tei-ised  by  a  strong  band  in  the  violet,  X  400  to  405  (l/\2  625,  to 
G23),  a  broad,  black  absorption-band  in  the  indigo-blue,  \  about  450 
(l/\2  494),  two  rather  fine  bands  in  the  green,  and  one  in  the  red. 

The  history  of  philippium  is  curious,  and  I  may  perhaps  be  allowed 
to  give  it  in  some  detail.  A  year  after  Delafontaine's  discovery 
Soret  {Compt.  rend.,  89,  521  ;  Chem.  News,  40,  147)  published  a 
paper  in  which  he  declared  that  philippia  was  identical  with  his 
earth  X.  The  next  month,  in  a  note  on  erbia,  Cleve  (Compt.  rend., 
89,  708;  Chem.  Neivs,  40,  224)  said  he  could  not  identify  Soret's  X 
with  Delafontaine's  philippia,  as  the  latter  was  characterised  by  an 
absorption- band  in  the  blue  which  occupied  the  same  place  as  oue  of 
the  erbia  bands.  In  February,  1880  {Compt.  rend.,  90,  221  ;  Chem. 
News,  41,  72),  Delafontaine  returned  to  the  subject,  enumerating 
10  new  earths  in  gadolinite  and  samarskite,  viz.,  mosandra,  philippia. 
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ytterbia,  decipia,  scandia,  holraia.  thulia,  samaria,  and  two  others 
unnamed.  He  said  that  the  properties  of  philippia  were  those  of 
Soret's  X  and  of  Cleve's  hohnia,  and  proposed  that  the  name 
"  holmia,"  being  a  duplicate  name  for  an  already  known  earth,  should 
be  discarded  in  favour  of  philippia.  In  July,  1880  (Covipt.  rend..  91, 
328  •,  Chem.  Neivs,  42,  185),  Cle\*e  repeated  his  former  statement  that 
philippia  was  not  the  same  body  as  Soret's  X  or  holmia.  Delafontaine 
next  withdrew  all  he  had  said  about  the  absorption-spectrum  of 
philippium,  and  decided  that  it  had  no  absorption-spectrum  (Archives 
de  Geneve  [3],  999,  15).  Finally,  Roscoe  (Chem.  Soc.  J.,  12,  277), 
in  an  elaborate  chemical  examination  of  the  earth-metals  in  samar- 
skite,  proved,  that  philippia  was  a  mixture  of  yttria  and  terbia. 
From  a  prolonged  chemical  study  of  these  earths  I  have  since  come 
to  a  similar  conclusion ;  but  a  spectroscopic  examination  of  the  eai-th 
left  on  igniting  some  specially  purified  crystals  of  "philippium 
formate "  tested  in  the  radiant  matter  tube,  has  shown  me  that 
in  the  separation  of  Delafontaine's  philippium  the  yttria  undergoes  a 
partial  fractionation,  and  three  of  its  components  or  meta-elements, 
G^,  G^,  and  G/3,  are  present  in  great  abundance,  while  others,  Go.  and 
Grj,  are  almost  if  not  quite  absent. 

Shortly  after  the  announcement  of  philippium,  Soret  (Compt. 
rend.,  86,  1062)  described  an  earth  which  he  provisionally  called 
X.  This  was  soon  found  to  be  identical  with  an  earth  subsequently 
discovered  by  Cleve  (Compt.  rend.,  89,  479;  Chem.  News,  40,  125), 
and  called  by  him  holmia.  Soret  admitted  the  identity,  and  agreed 
to  adopt  Cleve's  name  of  holmia.  Fig.  9  shows  the  absorption-spec- 
trum of  X  or  holmia.  It  consists  of  a  very  strong  band  in  the 
extreme  red,  X-  804  (1/X^  155),  two  characteristic  bands  in  the  orange 
and  green,  X  640  and  536  (l/\*  244  and  347),  besides  fainter  lines  in 
the  more  refrangible  part  of  the  spectrum,  and  a  number  of  bands  in 
the  ultra-violet. 

Simultaneously  with  the  discovery  of  holmia,  Cleve  announced  the 
existence  of  a  second  earth  from  erbia,  which  he  called  thulia.  Fig.  10 
shows  the  absorption-spectrum  of  thulia.  It  consists  of  a  very  strong 
band  in  the  red,  \  680  to  707  (l/\'  216  to  200),  and  one  in  the  blue, 
X  464"5  (l/X**  462) .  The  residual  erbia,  after  separation  of  these  eai'thg, 
gives  a  simpler  absorption-spectrum,  shown  in  Fig.  11. 

In  1886  (Compt.  rend.,  102,  1003,  1005)  Lecoq  de  Boisbaudran 
showed  by  fractional  precipitation  of  Soret's  X  and  by  spectroscopic 
examination  of  the  simple  fractions,  that  this  X,  or  holmium,  con- 
sisted of  at  least  two  elements,  one  of  which  he  named  dysprosium, 
retaining  the  name  of  holmium  for  the  residue  left  after  deducting 
dysprosium.  Fig.  11  shows  the  absorption  spectrum  of  dysprosium; 
it  has  four  bands,   X  451-5,  475,  7o6-5,  4275   (1/X- 490-5,  443,  175, 
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^47).  The  new  liolinium  £i;ive.s  an  absorptitJii-sjx'ctrnin  sliown  in 
Fig.  13. 

As  regards  dysprosium,  I  pointed  out  (Proc.  Ttoy.  Soc,  40,  -^02), 
at  the  time  it  was  first  announced,  that  T  had  obtained  a  solution  in 
which  one  of  the  bands  claimed  for  dysprosium,  the  one  at  \  451  ".5 
(l/X'^  490"5),  Avas  very  strong,  while  the  others  were  absent.  As 
M.  de  Boisbaudran  associates  the  bands  at  X  47.5  (1/X'*  448)  and 
X451"5  (1/^.^  490'5)  as  both  belonging  to  dysprosium,  and  as  I  have 
obtained  an  earth  which  gives  X  45r5  (1/X-  490'5)  strong  with  no 
trace  of  X  475  (1/X"'  443),  it  is  evident  tliat  the  conclusion  I  aiTived 
at  in  188G — that  dyspi'osium  itself  consisted  of  at  least  two  simpler 
bodies — is  correct. 

The  old  spectrum  of  erbium  (Fig.  8)  shows  two  faint  bands  at 
\  550  and  X  493  (1/X'  331  and  409)  ;  the  second  being  broader  than 
the  first.  These  bands  do  not  occur  in  the  spectra  of  hohnium, 
thulium,  dysprosium,  or  the  new  erbium.  In  a  long-continued  fr.ic- 
tionation  of  the  erbia  group  of  earths,  carried  out  with  an  ample  supply 
of  the  old  erbia,  I  find  an  earth  giving  these  two  bands  concentrating 
at  one  end,  and  the  bands  become  stronger.  At  the  same  time  two 
other  new  bands  are  making  their  ai)pearance.  This,  therefore, 
points  to  the  existence  of  still  another  earth  belonging  to  the  erbium 
group. 

Incandescence  Spectra. 

Anotlier  distinct  method  of  spectrum  analysis  depends  on  the 
examination  of  the  spectrum  of  the  light  emitted  by  a  solid  substance 
when  raised  to  incandescence.  Almost  the  only  known  example  of 
this  is  obtained  in  the  case  of  erbia  {ibid.,  40,  77,  January  21,  1886). 
It  is  scarcely  known  that  if  erbia  in  the  solid  state  is  illuminated  by 
the  electric  or  other  bright  light,  and  examined  in  the  spectroscope, 
it  gives  a  spectrum  of  black  lines  and  bands  as  distinct  as  the 
Frauenbofer  lines.  The  spectrum  of  bright  lines  emitted  when 
solid  erbia  is  heated  to  incandescence  in  the  blowpipe  flame  has  been 
more  often  observed  ;  in  this  case  the  lines  come  out  luminous  on  a 
faintly  continuous  background,  whilst  the  reflection  spectrum  just 
mentioned  is  composed  of  black  lines  sharply  defined  and  much  more 
luminous,  upon  a  continuous  spectrum.  Holmia  and  thulia,  compo- 
nents of  old  erbia,  possess  a  similar  property  {Chem.  News,  56,  165). 

Pkosphcrescence  Spectra. 

I  will  now  deal  with  phosphorescence  spectra.  Not  a  few  chemists 
and  physicists,  conspicuous  among  whom  is  Ed.  Becquerel,  have 
carefully    studied    the    phenomena  of    phosphorescence.     Phosphor- 
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escence  may  be  excited  by  elevation  of  temperature,  by  mechanical 
action,  by  electricity,  and  by  exposure  to  the  rays  of  the  sun,  and 
the  light  thus  given  off — for  example,  in  the  case  of  fluorspar,  has 
been  examined  by  means  of  the  spectroscope.  In  my  own  spectro- 
scopic research  I  have  dealt  with  the  phosphorescence  occasioned 
by  the  impact  of  the  molecules  of  radiant  matter  upon  certain 
phosphorescent  bodies,  or  what  1  have  ventured  to  call  molecular 
bombardment. 

It  is  not  necessary  for  me  to  describe  the  mode  of  procedure 
further  than  to  say  that  the  substance  under  examination  is  placed 
in  a  very  high  vacuum — a  vacuum  which  varies  in  degree  in  the  case 
of  certain  earths.  Fig.  14  shows  the  form  of  radiant  matter  tube 
I  prefer.  In  such  a  vacuum,  when  submitted  to  the  action  of  the 
induction  cuiTent,  substances  phosphoresce  very  diiferently  from 
what  they  do  when  treated  similarly  at  the  ordinary  pressure  of 
the  atmosphere.  Under  such  circumstances  the  spectroscopic  ex- 
amination of  matter  affords  what  I  have  called  the  radiant  matter 
test.  The  number  of  substances  which  are  thus  phosphorescent  is 
very  considerable.  Glass  of  different  kinds,  according  to  its  com- 
position, phosphoresces  with  various  colours.  Phenakite  (glucinium 
silicate)  phosphoresces  blue ;  spodumene  (aluminium  and  lithium 
silicate)  gives  off  a  rich  golden-yellow  light,  whilst  the  emerald 
phosphoresces  crimson,  and  the  diamond,  being  exceptionally  sensi- 
tive and  brilliant,  throws  off  a  bright,  greenish-white  light. 

The  ruby,  one  of  the  minerals  I  examined  earliest  in  this  manner, 
glows  with  a  rich,  brilliant,  red  tone,  quite  independent,  as  regards  its 
depth  and  intensity,  of  the  colour  of  the  stone  as  seen  by  daylight  ; 
the  pale,  almost  colourless  specimens,  and  the  highly  prized  variety 
of  the  true  "pigeon's  blood,"  all  phosphoresce  with  substantially  the 
same  colour. 

There  are  several  varieties  of  phosphorescence  spectra,  or  rather, 
substances  to  be  submitted  to  the  radiant  matter;  may  be  previously 
prepared  in  divers  manner,  so  as  to  give  modified  results.     Thus — 

a.  An  earth  alone — of  course  in  the  solid  state — may  be  very 
strongly  ignited,  and,  when  cold,  examined  in  the  radiant  matter 
tube.  This  method  differs  from  the  use  of  the  spectrum  of  incan- 
descent solids  above  noticed,  solely  in  the  final  test  of  molecular 
bombardment.  Of  this  variety  of  phosphorescence  spectra,  we  may 
take,  as  examples,  the  phenomena  yielded  by  alumina,  yttria,  didymia, 
and  lanthana. 

h.  Another  modification  applicable  in  the  treatment  of  the  less 
pure  earths  takes  as  material  the  sulphates  of  the  earths.  The  sub- 
stance under  examination  is  first  treated  with  strong  sulphuric  acid  ; 
the  excess  of  the  acid  is  then  removed  by  heat,  and,  lastly,  the  sul- 
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phate  is  heated  to  a  point  just  short  of  di-iviiig  off  all  tlio  sulphuric 
acid.  It  is  then  placed  in  the  radiant  matter  tube,  and  when  the 
exhaustion  has  been  carried  as  fai'  as  necessary,  the  induction  current 
is  passed  through  (Phil.  Trans.,  Part  III,  May,  1883).  This  metliod 
gives  a  spectrum  of  broad  bands,  easily  recognised,  but  by  no  means 
easy  to  measure.  The  spectroscope  used  should  have  a  low  dispersive 
power,  and  should  not  have  a  very  narrow  slit.  In  the  case  of  yttrium 
sulphate  the  bands  are  more  analogous  to  the  absorption-bands  seen  in 
solutions  of  didymium  than  to  the  lines  given  by  spark  spectra.  If 
examined  with  a  high  magnifying  power  the  outlines  of  the  bands 
become  less  definite.  The  bands  are  seen  much  more  sharply  when 
the  curi-ent  first  passes  than  after  it  has  been  passing  for  some  time 
and  the  earth  has  become  hot.  On  cooling,  the  bands  again  appear 
sharply  defined. 

This  method  of  observing  the  constitution  of  the  rare  earths,  duly 
aided  by  delicate  and  prolonged  chemical  processes,  has  permitted  us 
to  push  our  investigations  further  than  had  previously  seemed  prac- 
ticable. It  enables  us  to  determine  whether  we  have  reached  the  end 
of  our  investigations — a  consummation  which  had  hitherto  been  vainly 
sought.  It  has  enabled  us  to  prove  that  yttrium,  samarium,  &c.,  are 
not  simple,  homogeneous  bodies.  But  what  of  the  constituents  into 
which  they  have  been  thus  resolved  ?  Suppose  we  refine  them  down 
until  each  displays  merely  one  spectral  band — what  then  ?  Is  each 
one  of  such  bodies  barely  differentiated  from  its  neighbours  chemi- 
cally or  physically,  entitled  to  rank  as  an  element  ?  If  so,  as  I  pointed 
out  in  the  Addi'ess  which  I  had  the  honour  to  deliver  before  you  in 
March  last,  we  shall  have  to  deal  with  further  perplexing  questions, 
arising  in  part  from  the  relation  of  such  elements  to  the  periodic 
system.  In  a  discussion  of  the  elements,  not  as  yet  published, 
Dr.  Wuudt  maintains  that  their  possible  number  cannot  exceed  79. 
But  I  myself  see  no  definite  and  sufficient  reason  for  limitation  to 
this  number.  If  these  bodies  are  not  elementary,  possessing  as  they 
do  the  properties  commonly  regarded  as  characteristic  of  an  element, 
we  must  be  prepared  to  show  why  not  ? 

Whatever  rank  may  ultimately  be  assigned  to  these  substances, 
they  must,  for  convenience  sake,  have  names  as  soon  as  our  knowledge 
of  their  properties  is  in  a  sufficiently  advanced  state  to  allow  of  their 
removal  from  the  suspense  account. 

The  Yftritim  Group. 

Yttrium — the  old  yttrium — proves  now  to  be  not  a  simple  element, 
but  a  highly  complex  substance.  I  have  come  to  the  conclusion 
that  it  may  be  split  up  certainly  into  five  and  probably  into  six  con- 
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stituents.  Its  phosphorescence  spectrum  is  shown  in  Fig.  16,  and 
the  different  bands  are  designated  by  certain  letters.  Fig.  17  shows 
the  simple  spectra  of  the  separate  components  into  which  yttria  can 
be  separated  by  fractionation.  If  we  take  these  constituents  in  the 
order  of  their  approximate  basicity — the  chemical  analogue  of  refran- 
gibility  — the  lowest  of  these  constituents  gives  a  deep  blue  band,  Gx  ; 
then  follows  a  strong  citron  band,  Grc,  which  increases  in  sharpness 
until  it  may  be  called  a  line  ;  then  a  red  band,  Gf  ;  then  a  deeper  red 
band,  Gt] ;  and  lastly  a  close  pair  of  greenish-blue  lines,  G(3. 
Following  these  are  frequently  seen  Gf,  G7,  and  G^,  the  yellow, 
green,  and  red  components  of  samarium,  Fig.  19. 

As  the  result  of  many  years'  work  and  several  thousand  fractiona- 
tions of  old  yttria,  I  exhibit  the  series  of  19  phosphorescence  spectra 
shown  on  Diagram  28.  The  centre  spectrum,  marked  J,  is  approxi- 
mately that  ^iven  by  the  crude  earth,  although  this  differs  slightly 
according  to  the  mineral  from  which  it  is  extracted.  After  a  time, 
fractionation  splits  the  earth  J  into  two  earths,  I  and  K,  giving 
slightly  different  spectra.  Fractionating  I  gives  H  and  J,  whilst  K 
on  fractionation  yields  J  and  L.  The  state  of  separation  to  which  the 
meta-elements  of  the  samarskite  earths  may  be  brought  after  many 
years'  work  is  seen  by  the  series  of  19  spectra  selected  to  illustrate  the 
progress  of  the  work.  It  mast  not,  however,  be  thought  that  there  is 
so  great  a  difference  between  any  two  adjacent  spectra  as  is  here 
shown.  To  make  the  diagram  more  accurately  represent  what  actually 
occurs  in  the  laboratory  it  would  be  necessary  to  place  between  eacli 
of  these  19  spectra  about  1000  intermediate  spectra. 

Beginning  at  the  extreme  red  it  will  be  seen  that  a  strong  band  at 
X  647  (1/X^  289)  is  of  maximum  intensity  from  GtoK,  when  it  rapidly 
disappears  and  is  not  seen  beyond  C  and  N.  The  meta-element  giving 
this  band  I  have  called  Gtj.  The  next  band  in  the  red  \  639  (1/X^  245), 
is  at  its  maximum  at  A  or  even  above,  while  it  fades  out  between  K 
and  L.  The  next  band  at  X  619  (1/X^  261)  has  its  maximum  between 
I  and  0,  fading  out  rapidly  below,  but  being  more  persistent  above. 
The  meta-element  to  which  this  band  is  due  I  have  called  Gf .  I  next 
come  to  an  extremely  sharp  band  at  X  609  (1/X*  269),  which  appears 
to  belong  to  an  earth  absent  in  gadolinite  and  present  in  samarskite 
and  a  few  other  minerals.  Its  greatest  brilliancy  is  between  E  and  K, 
dying  away  rapidly  on  either  side.  This  meta-element  I  have  called 
S2.  A  double  orange  band  follows,  and  there  are  indications  that  its 
two  components  are  separable,  although  they  must  be  veiy  closely 
associated.  The  maximuna  brightness  of  the  first  component,  X  603 
(l/\,^275),  extends  from  O  to  the  top  of  the  diagram.  The  second 
pomponent,  X  597  (1/X*  280),  begins  to  lose  brilliancy  about  G,  and, 
like  its  companion,  is  at  its  greatest  brightness  at  the  highest  .spectT-um 
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sliown   on   tlio    diagram.     This  band  has  been   almost  isolated  in  a 
specimen  of  crude  lanthaua.     I  have  called  its  meta-element  Ge. 

The  next  band  in  order  is  the  citron  or  G2  band,  X.574  (l/X-^  3035), 
the  most  prominent  in  the  spectrum  of  old  yttrium.  This  band 
extends  with  almost  undiminished  sharpness  and  brilliancy  from  G 
to  S  ;  above  G  it  fades  out  rapidly,  and  from  D  upwards  it  is  absent. 
Following  the  citron  band  is  a  double  green  band.  This,  like  the 
orange  band  just  described,  is  separable  into  two  components.  The 
first,  at  \  5(58  (l/V'  310),  is  almost  absent  in  A,  attains  its  maximum 
in  about  D,  and  fades  out  entirely  at  K.  The  second  component  of 
this  green  pair,  \  563  (l/A-^  315),  is  at  its  maximum  at  A  and  above, 
and  extends  only  to  H.  The  meta-element  giving  rise  to  this  pair  I 
have  called  G7.  Next  in  order  comes  a  pair  of  bright  green  bands. 
The  two  components  \  550,  541  (1/V-  331,  342)  have  not  yet  shown 
signs  of  dividing.  The  first  appearance  of  this  double  band  is  at  B, 
it  attains  its  maximum  at  about  E,  and  continues  with  almost  un- 
diminished brightness  to  Q.  The  body  giving  this  double  green  band 
is  the  most  persi.stent  of  all  the  meta-elements  of  these  earths.  I 
have  provisionally  called  it  G/3. 

After  a  dark  interval  a  broad,  hazy,  double  blue  band  is  seen, 
having  its  centre  at  \482  (1/X^  430'5).  This  band,  first  appearing  at 
about  F,  increases  in  brightness  down  to  the  last  fraction  at  S. 
Its  meta-element  is  called  Gat.  Lastly,  at  \  456  (1/X^  481),  is  seen  a 
deep  violet  band,  coming  in  first  at  Q,  and  getting  brighter  as  we  get 
lower  down  the  fractionations.  This  band  is  of  extraordinary  bril- 
liancy in  some  samples  of  ytterbia,  but  as  it  is  absent  in  a  specimen  of 
ytterbia  from  Nilson,  said  by  him  to  be  perfectly  pure,  it  is  probably 
due  to  some  other  new  body  which  1  have  therefore  named  provision- 
ally S7. 

Although,  for  economy  of  space,  it  is  inconvenient  to  represent  a 
longer  series  than  is  here  shown,  my  fractionations  have  been  pushed 
far  beyond  the  limits  shown  on  the  diagram.  Fiactions  above  A  aud 
below  S  give  ample  evidence  that  the  process  of  differentiation  has 
not  reached  its  utmost  limit. 

On  the  left  of  the  diagram,  Fig.  28,  I  have  attached  chemical 
symbols  to  some  of  the  spectra.  Thus  the  top  spectrum.  A,  is  the 
one  shown  by  samarium.  At  D  is  the  spectrum  given  by  Marignac's 
Ya  or  gadolinium.  At  H  is  seen  the  spectrum  of  mosandrum,  and  at  L 
is  shown  the  spectrum  given  by  what  would  ordinarily  be  called  pure 
yttrium.  A  study  of  this  diagram  will,  I  think,  convince  any  impartial 
observer  that  the  le>sons  it  conveys  fully  bear  out  my  contention  that 
samarium,  gadolinium,  mosandrum,  and  yttrium,  are  not  actual 
chemical  elements,  bnt  are  compounded  of  certain  simpler  bodies 
which  may  conveniently  be  called  "  meta-elements." 
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A  possible  explanation  of  the  existence  and  nature  of  the  new 
bodies  into  which  "  old  yttrium  "  has  been  split  up,  and  of  parallel 
cases  which  will  doubtless  be  found  on  closer  examination,  is  this. 
Our  notions  of  a  chemical  element  must  be  enlarged ;  hitherto  the 
elemental  molecule  has  been  regarded  as  an  aggregate  of  two  or  more 
atoms,  and  no  account  has  been  taken  of  the  manner  in  which  these 
atoms  have  been  agglomerated.  The  structure  of  a  chemical  element 
is  certainly  more  complicated  than  has  hitherto  been  supposed.  We 
may  reasonably  suspect  that  between  the  molecules  we  are  accustomed 
to  deal  with  in  chemical  reactions,  and  the  component  or  ultimate 
atoms,  there  intervene  sub-molecules,  sub-aggregates  of  atoms,  or 
meta- elements,  differing  from  each  other  according  to  the  position 
they  occupy  in  the  very  complex  structure  known  as  "old  yttrium." 

The  arguments  in  favour  of  the  different  theories  are  as  yet  not 
unequally  balanced.  But  the  assumption  of  compound  molecules  will 
perhaps  account  for  the  facts,  and  thus  legitimate  itself  as  a  good 
working  hypothesis,  whilst  it  does  not  seem  so  bold  an  alternative  as 
the  assumption  of  eight  or  nine  new  elements. 

The  history  of  the  examination  of  the  rare  earths  and  of  its  results 
would  lack  completeness  and  intelligibility  did  I  not  refer  to  the  views 
taken  by  my  distinguished  friend  M.  Lecoq  de  Boisbaudran. 

In  a  communication  to  the  Academy  of  Sciences  this  eminent 
chemist  says  (Compt.  rend.,  100,  1437)  :  "  It  is  a  singular  fact  that  the 
positions  of  the  phosphorescence  bands  observed  by  Mr.  Crookes  with 
very  pure  compounds  of  yttrium  are  suflBciently  near  those  which  I,  on 
my  part,  have  obtained  with  the  hydrochloric  solutions  of  earths  sepa- 
rated as  far  as  possible  from  yttria,  chemically  as  well  as  spectro- 
scopically.  My  reversion  spectrum  cannot,  I  think,  be  attributed  to 
yttrium,  for  on  the  one  hand  it  is  seen  brilliantly  with  products  which 
give  no  trace  of  yttrium  rays  with  the  direct  spai'k,  and  on  the  other 
hand,  I  have  found  it  impossible  to  obtain  it  sharply  from  certain 
earths  extremely  rich  in  yttria." 

M.  de  Boisbaudi'an  further  states  in  a  note  : — "  This  spectrum  (i.e., 
the  one  which  he  had  just  described)  is  now  recognised  as  being 
identical  with  that  which  is  ascribed  to  pure  yttria  by  Mr.  Crookes, 
and  which  this  savant  obtained  under  experimental  conditions  very 
different  from  mine.  Nevertheless,  my  latest  observations,  as  well  as 
earlier  ones,  lead  to  the  conclusion  that  yttria  is  not  the  cause  of  the 
spectrum  bands  ob.served.  In  my  fractionations  the  phosphorescence 
spectrum  gradually  gets  weaker  as  I  advance  towards  the  ytti-ia  end. 
With  almost  pore  yttria  the  phosphorescent  bands  show  themselves 
faintly  or  not  at  all,  whilst  they  are  brilliant  with  the  earths  which 
do  not  give  by  the  direct  spark  the  rays  of  yttrium  to  any  appreciable 
exient." 
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It  will,  I  think,  appear  that  the  issue  between  myself  and  M.  de 
Boisbaudran  turns  on  the  question:  What  is  yttria  ?  To  what 
substance  can  this  name  be  legitimately  given  ?  A  short  time  ago 
the  name  conveyed  to  all  chemists  only  one  meaning,  perfectly 
dv^finite  and  undisputed.  1  have  received  specimens  of  yttria  from 
M.  de  Marignac,  considered  by  him  to  be  purer  than  any  which  had 
ever  been  previously  prepared ;  from  Professor  Cleve  (called  by  him 
])urissimitm)  ;  and  from  M.  de  Boisbaudran,  which  he  pronounces  to 
be  yttria  "scarcely  soiled  by  traces  of  other  earths."  Along  with 
these  I  have  specimens  prepared  by  myself  and  purified  up  to  the 
highest  point  known.  A  very  short  time  ago  every  living  chemist 
would  have  called  these  samples  "  yttria."  Moreover,  they  all  give 
my  phosphorescence  spectrum  in  vacuo  with  such  intensity  that  such 
phosphorescence  cannot  be  rationally  ascribed  to  slight  traces  of 
im.purities. 

This  substance,  like  other  chemists,  I  formerly  called  "  yttria,"  but 
since  its  complex  nature  has  been  ascertained  I  speak  of  it  as  "  old 
yttria." 

M.  de  Boisbaudran,  however,  inadvertently  uses  the  word  in  a 
manner  not  quite  free  from  ambiguity.  By  "yttria,"  I  repeat  that  I 
mean  now,  and  have  always  meant,  the  yttria  of  Cleve,  of  Marignac, 
and  of  all  chemists  up  to  the  beginning  of  the  year  188G,  the  yttria 
whose  metallic  basis  has  the  approximate  atomic  weight  of  89. 
M.  de  Boisbaudran  at  one  time  writes  as  if  our  meanings  were 
identical :  "  It  is  certain,"  he  says,  "  that  my  earth,  very  rich  in 
yttria,  gives  a  beautiful  spectrum  in  the  vacuum  tube."  Again  he 
informs  me  :  "  M.  Becquerel  has  recently  examined  my  earths  A  and 
B  in  ultra-violet  light,  and  has  obtained  results  analogous  to  yours : 
that  is  to  say,  the  earth  rich  in  yttria  has  generally  shone  brighter 
than  the  other."  The  "  earth  A  "  here  spoken  of  gives  my  phosphor- 
escent spectrum  with  wonderful  brilliancy,  and  is  the  one  described 
above  by  M.  de  Boisbaudran  as  "yttria  scarcely  soiled  by  traces  of 
other  earths."  This  yttria,  my  distinguished  friend  goes  on  to  say, 
"is  the  same  as  that  of  Cleve  and  Marignac,  varying  only  in  slight 
impurities,  Marignac's  being  perhaps  the  purer."  So  far  then  we 
agree  in  the  meaning  to  be  attached  to  the  word  "  yttria." 

But  at  other  times  M.  de  Boisbaudran  gives  the  name  "yttria"  to 
an  earth  of  quite  distinct  properties,  to  an  earth  he  has  obtained  in 
most  minute  quantities  after  months  of  reiterated  fractionation,  which 
gives  no  spectrum  in  the  vacuum  tube.  Here,  therefore,  we  have  the 
name  "  yttria "  applied  to  two  distinct  substances,  the  one  giving  a 
brilliant  phosphorescence  spectrum,  and  the  other  giving  none  at  all, 
surely  a  misleading  ambiguity.  ^loreover,  I  am  constrained  to 
question  the  propriety  of  my  friend's  use  of  t!ie  designation  "yttria" 
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in  the  latter  sense.  Quite  recently  (Compt.  rend.,  108,  166,  January 
28,  1889)  M.  de  Boisbaudran  has  defined  bis  "  yttria  "  as  an  earth, 
whether  simple  or  complex,  having  a  characteristic  spark  spectrum, 
but  not  giving  a  phosphorescence  spectrum  in  the  radiant  matter 
tube  or  by  bis  process  of  reversion,  and  having  an  atomic  weight  of 
near  89  for  its  metal. 

Why  should  this  non-phosphorescent  earth  deserve  the  name  of 
elemental  yttria  ?  Why  may  we  not  just  as  well  allot  the  name  to 
some  one  or  other  of  the  phosphorescing  earths  which  M.  de  Bois- 
baudran brands  as  impurities  ?  It  seems  to  me  that  to  refine  away 
the  most  characteristic  attributes  of  a  body,  to  call  the  capiit  mortuum 
by  the  original  name,  and  pronounce  everything  else  an  "  impurity," 
is  a  departure  from  the  recognised  principles  of  scientific  j'easoning 
find  practice  which  it  is  a  duty  to  protest  again.st. 

I  have  just  mentioned  that  the  earth  heretofore  called  yttria  and 
supposed  to  be  simple  has  been  split  up  into  a  number  of  simpler 
bodies.  Now  these  constituents  of  the  old  yttria  are  not  imptirities 
in  yttria  any  more  than  praseodymium  and  neodymium  are  impuri- 
ties in  didymium.  They  proceed  from  a  real  splitting  up  of  the 
yttrium  molecule  into  its  components,  and  when  this  process  is  com- 
pleted the  old  "yttria  "  has  disappeared.  If  these  newly  discovered 
components  on  further  examination  should  be  found  worthy  to  take 
the  rank  of  elements  I  think,  as  first  discoverer,  I  am  entitled  by  the 
custom  prevailing  among  men  of  science,  to  name  them.  For  the 
present,  and  until  their  investigation  is  more  advanced,  I  designate 
them  by  provisional  symbols.  One  of  the  most  distinct  characteristics 
of  "  old  yttria  "  is  its  very  definite  spark  spectrum.  To  which  of  its 
components  this  spark  spectrum  belongs  I  am  not  yet  able  to  saj-.  It 
is  possible  that  the  particular  component  to  which  the  spark  spectrum 
is  due  yields  no  phosphorescent  spectrum.  It  is  also  possible  that  the 
spark  spectrum,  like  "old  yttria,"  may  prove  to  be  compound,  and 
then  the  well-known  lines  it  contains  will  have  to  be  shared  between 
two  or  more  of  the  newly-discovered  bodies.  I  wish  emphatically 
to  re-state  that  at  present  no  single  component  of  old  yttria  can  law- 
fully lay  claim  to  what  may  be  called  the  paternal  name ;  and  it  seems 
to  me  that  in  the  present  state  of  the  question  no  one  is  entitled  to 
call  one  of  the  new  bodies  "  yttria,"  and  to  charactei'ise  the  remainder 
as  impurities. 

I  regret  to  add  that  a  misunderstanding  exists  between  M.  de 
Boisbaudran  and  myself.  In  a  memoir  presented  to  the  Academy  of 
vSciences  on  January  28th  of  the  present  year  my  distinguished  col- 
league shows  he  completely  misapprehends  my  position,  and  he  so  far 
misinterprets  me  as  to  make  me  say  that  the  gadolinia  or  Yx  of  M.  de 
Marignac  is  a  mixture  of  61  parts  of  yttria  and  39  parts  of  samaria ! 
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But  what  is  tlie  fact  ?  So  far  back  as  June  9th,  1886,  I  put  it  on 
record  (Proc.  Boy.  Soc,  40,  502)  that  "  Ya  is  composed  of  the 
following  band-forming  bodies  :—\  [541— 549],  [564],  [597],  [609], 
[619],  together  with  a  little  samarium.  Calling  samarium  an  im- 
purity, it  is  thus  seen  that  gadolinium  is  composed  of  at  least  four 
simple  bodies." 

Again  in  a  paper  entitled  "  What  is  Yttria  ?"  I  wrote  (Chem.  News, 
54,  39,  July  23,  1886)— 

"  Gadolinium  is  composed  of  at  least  four  simpler  bodies,  Gj3,  G-y,  8S,  and  Q^  ; 
the  pair  of  green  lines  [\  541  and  \  449,  mean  545],  being  the  strongest  feature  in 
its  spectrum,  may  be  taken  as  characteristic  of  gadolinium." 

"  M.  de  Boisbaudran  says  : — '  Mr.  Crookes  appears  to  attribute  to  gadolinium 
the  double  green  band.'  This  is  scarcely  accurate  ;  I  did  not  ascribe  the  double 
green  band  to  gadolinium,  but  finding  bj  my  test  that  the  so-called  gadolinium  was 
a  compound  body,  the  earth  G/3  being  its  strongest  component,  I  proposed  to  attach 
the  name  of  gadolinium  to  G/3  rather  than  give  it  a  new  name,  and  thus  multiply 
names  unnecessarily." 

Thus  in  1886  I  corrected  the  error  which  M.  de  Boisbaudran  now 
repeats. 

Again,  I  said  that  the  work  of  fractionating  this  mixture,  "  for 
i/s  completion,  would  occupy  a  space  of  time  in  comparison  with 
which  the  life  of  man  is  all  too  brief" — a  statement  transformed 
into  the  assertion  that  to  separate  yttria  and  samaria — a  relatively 
easy  task — would  take  more  than  a  life-time. 

M.  de  Boisbaudran's  misconception  is  the  more  striking  since  in  a 
foot-note  he  gives  correctly  my  very  words  from  my  "  Address  to  the 
Chemical  Section  of  the  British  Association,"  in  1886,  and  from  the 
"  Genesis  of  the  Elements."  How  he  can  have  mistaken  my  mean- 
ing is  a  mystery,  as  he  is  an  excellent  English  scholar.  Certainly 
any  reader  of  the  Comptes  rendus  who  understands  English  will  at 
once  see  that  there  is  no  foundation  for  M.  de  Boisbaudran's 
criticism. 

Action  of  Different  Earths  on  Phosphorescence  Spectra. 

Another  modification  of  phosphorescence  spectroscopy  is  produced 
by  the  previous  addition  of  other  earths  to  the  specially  phosphor- 
escent earths,  and  of  the  results  of  such  addition  some  instances 
have  already  been  mentioned.  Lime  exerts  in  this  manner  a  remark- 
able action.  By  itself  it  phosphoresces  with  a  continuous  spectrum, 
after  the  fashion  of  yttria  with  a  discontinuous  spectrum.  If,  how- 
over,  they  are  mixed,  the  phosphorescing  energy  of  the  lime  does  not 
extend  over  the  whole  spectrum,  but  concentrates  itself  on  strength- 
ening the  yttria  bands.  These  bands  become  broader,  but  also  less 
definite,  in  proportion  as  the  lime  increases  in  quantity. 
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Lime  also  may  be  made  to  play  a  useful  part  in  bringing  out  the 
pbosphoresceut  bands  of  samaria.  The  bands  are  not  so  numerous  as 
those  of  yttrium,  but  the  contrasts  are  sharper.  Examined  with  a 
somewhat  broad  slit,  and  disregarding  the  fainter  bands,  the  sama- 
rium speetrum  is  seen  to  consist  of  three  bright  bands — red,  orange, 
and  green — nearly  equidistant,  the  orange  being  brightest.  With  a 
narrower  slit  the  orange  and  green  bands  are  seen  to  be  double. 
(Fig.  18). 

The  addition  of  lime  also  affords  an  argument  for  the  compound 
nature  of  samaria,  as  it  suppresses  the  sharp  line  Sc,  the  most 
striking  feature  in  the  phosphorescence  spectrum  shown  by  pure 
samarium  sulphate.  On  the  other  hand,  an  addition  of  old  yttria 
deadens  the  other  lines  of  samaria,  but  brings  out  the  line  S^  more 
strongly.  Fig.  19  represents  the  spectra  given  by  the  meta-elements 
of  samarium. 

Lanthanum'  sulphate  in  the  radiant  matter  tube  phosphoresces 
with  a  reddish  colour  and  has  a  broad  hazy  band  in  the  orange,  with 
a  sharp  line  superposed.  This  line  is  identical  with  the  line  of  Ge, 
one  of  the  components  of  the  phosphorescent  spectrum  of  samarium.. 
If  lime  is  added  to  lanthanum,  the  phosphorescence  changes  its  colour 
from  red  to  yellow.  Lime  also  brings  out  the  lines  of  yttrium  and 
samarium  if  they  are  present  as  impurities.  When  Gd,  Gx,  and  Gji 
are  present  in  small  proportions  with  lime,  the  lines  Go  and  Gx  be- 
come intensified,  but  a  dark  place  appears  in  place  of  the  green  G/3 
band.  Hence  it  appears  that  if  only  a  small  trace  of  GyS  is  found 
with  lime  and  lanthanum,  the  green  line  is  not  only  obliterated,  but 
the  quenching  action  suppresses  that  part  of  the  continuous  lime 
spectrum  which  has  the  same  refrangibility  as  the  G/3  line,  thus  giving 
a  black  space  in  the  spectrum. 

A  specimen  of  lanthana  thrown  out  in  a  fractionation  of  didymia, 
examined  in  the  radiant  matter  tube,  phosphoresces  of  a  yellow 
surface-colour  and  gives  an  extremely  brilliant  spectrum  (Fig.  20). 
In  the  red  there  is  a  very  fine  and  sharp  line,  somewhat  like  the 
alumina  line,  but  nearer  C  of  hydrogen.  Then  come  a  couple  of 
misty  red  lines,  the  first  apparently  compound,  then  a  hazy  pair  of 
green  lines,  and  finally  another  wide  apart  pair  of  a  bluish-green;  the 
first  of  these  lines  is  intensely  brilliant. 

Interference  of  Phosphorescence  Spectra. 

I  have  already  frequently  noted  the  modification  induced  in  the 
normal  spectrum  of  one  earth  by  the  mixture  of  various  quantities  of 
others,  when  treated  as  anhydrous  sulphates,  and  of  these  one  of  the 
most  striking  is  seen  in  the  case  of  a  mixture  of  samaria  with  yttria,' 


29 

Jlicct'ui. 

.90      &                       .so                          J)  390                        •        3S0     if                         490              |f              4S0                                SOO 

1        ,1       ,        ,        ,        T        ,        ,        1       Tl        1        f        r        1         1        1        1        1        1        1        1        1        ll      1        1         1        1        1        1         1         ! 

H  IHH^l^ 

'                .     ^/thu,          '                                       '                                                    1 

8  2%0  ^    390 


350   £  400  f 


J(c.ki,uJ;.i      itn,l     (lliitnitui. 


•Jii  iihi.<,i,t      ,iii</     liln 


ANNUAL   GENERAL   MEETING.  277 

since  tlie  presence  of  even  40  per  cent,  of  yttria  practically  obliterates 
its  spectrum.  Tlie  most  minute  proportion  of  lime  added  to  samaria 
causes  the  sharp  line  at  l/\'  2GD  in  its  spectrum  to  vanish,  at  the 
same  time  greatly  intensifying  the  other  bands.  Strontia,  baryta, 
glucina,  thoria,  magnesia,  lanthana,  alumina,  and  oxides  of  zinc,  cad- 
mium, lead,  bismuth,  and  antimony,  all  give  characteristic  spectra 
with  samaria,  and  have  been  fully  described  in  my  paper  on  that  body 
{Phil.  Trans.,  Part  II,  1885).  The  action  of  lime  upon  yttria  is  of 
great  use  in  detecting  very  small  quantities  of  this  earth  when  in 
combination  with  other  elements  which  otherwise  would  prevent  its 
phosphorescence. 

A  recent  discovery  of  some  beautiful  spectra  given  by  the  rare 
earths  when  their  pure  oxides  are  highly  calcined,  shows  the  remaik- 
able  changes  produced  in  the  spectra  of  these  earths  when  two  or 
more  are  observed  in  combination.  It  has  likewise  opened  to  me  a 
wide  field  of  investigation  in  the  nature  of  the  elements  themselves. 
Alumina  is  especially  active  in  inducing  new  spectra  when  mixed  with 
the  rare  earths.  I  have  given  more  than  a  tw^elvemonth  to  the  exclu- 
sive study  of  alumina  phosphorescence,  and  still  the  research  is  incom- 
plete. But  I  have  obtained  some  remarkable  results.  A  moderate 
amount  of  fractionation  has  enabled  me  to  penetrate  below  the  surface 
of  the  red  glow  common  to  crude  alumina,  and  to  see  traces  of  a  most 
complicated  sharp  line  spectrum.  By  pushing  one  particular  process 
of  fractionation  to  a  considerable  extent,  I  have  obtained  evidence  of 
a  body  which  is  the  cause  of  some  of  these  lines.  The  spectrum, 
described  by  me  in  1887  (Chem.  Neics,  56,  62,  72)  is  one  of  great 
beauty,  and  a  fair  idea  of  it  is  given  in  Fig.  21.  The  new  body  is 
probably  one  of  the  rare  elements  or  meta-elements  closely  connected 
with  decipia,  for  I  have  reproduced  the  spectrum  very  fairly  by 
adding  decipia  to  alumina.  Before  arriving  at  definite  conclusions 
much  time  must  be  devoted  to  the  subject.  Certain  it  is  that  this 
new  earth  is  not  yttria,  erbia,  samaria,  didymia,  lanthana,  holmia, 
thulia,  gadolinia,  or  ytterbia,  the  spectrum  of  each  of  these  when 
mixed  with  alumina  being  very  beautiful,  but  differing  entirely  from 
the  decipia-alumina  spectrum.  Some  of  these  neAV  spectra  ai-e  shown 
in  Fig.  29. 

The  PhosjjJwroscope. 

The  phosphoroscope  affords  another  method  of  verifying  the  simple 
or  compound  character  of  a  substance.  It  is  well  known  that  the 
continuance  of  phosphorescence  after  the  cessation  of  the  exciting 
cause  varies  widely,  from  some  hours,  as  in  the  case  of  the  phos- 
phorescent sulphides,  to  the  fraction  of  a  second  in  the  case  of  uranium 
glass  and  quinine   sulphate.     On    examining  phosphorescent  earths 
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glowing  in  a  vacuum  tube  under  tlie  action  of  the  induction  discharge, 
I  found  remarkable  difEerences  in  the  duration  of  this  residual  glow. 
Some  of  the  earths,  after  the  cessation  of  the  current,  remain  lumi- 
nous for  an  hour  or  more,  whilst  others  cease  to  phosphoresce  imme- 
diately on  the  stoppage  of  the  current.  Take  the  case  of  yttrium.  As 
already  stated,  T  succeeded  in  resolving  this  earth  into  several  simpler 
bodies  not  equal  in  basicity.  While  seeking  for  further  proof  of  the 
distinct  character  of  these  bodies  1  observed  that  the  after-glow 
differed  somewhat  in  colour  from  that  which  the  earth  exhibited 
■whilst  the  current  was  still  passing.  Further,  the  spectrum  of  the 
after-glow  seemed  to  show,  so  far  as  I  could  judge  by  the  faint  light, 
that  some  of  the  lines  were  missing.  As  this  phenomenon  indicated 
another  difference  among  the  components  of  yttrium,  1  examined 
them  in  an  instrument  similar  to  Becquerel's  phosphoi'oscope,  but 
acting  electrically  instead  of  by  means  of  direct  light. 

Without  describing  this  apparatus,  shown  in  Fig.  22,  I  may  mention 
some    of  the  results  obtained   by  its  use.     Under  ordinary  circum- 
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stances  it  is  scarcely  possible  to  perceive  any  phosphorescence  in  an 
earth  until  the  vacuum  is  so  high  that  the  line  spectrum  of  the  residual 
gas  begins  to  grow  faint.  Up  to  this  point,  the  stronger  light  of  the 
glowing  gas  overpowers  the  feeble  glow  of  the  phosphorescence.     But 
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in  tlie  phospboroscope  tlie  light  of  the  glowing  gas  lasts  only  for  an 
inappreciable  time,  while  that  of  the  phosphorescent  earth  persists 
long  enough  to  be  distinctly  observed.  The  different  bands  of  the 
new  constituents  of  yttria  do  not  all  appear  at  the  same  speed  of 
rotation.  At  the  lowest  speed  the  double  greenish-blue  band  of  GS  is 
first  seen,  followed  next  by  the  dark  blue  band  of  Gx.  As  the  velocity 
increases  there  follows  the  bright  citron-yellow  band  of  G5,  and  as 
the  utmost  speed  approaches  the  red  band  of  Gf  is  seen,  but  with 
difficulty.  If  lanthanum  sulphate  along  with  a  little  lime  is  examined 
in  the  phospboroscope  the  line  of  Ge  is  visible  at  the  lowest  speed ; 
G5  follows  at  an  interval  of  0'0035  second,  and  the  G«  line  imme- 
diately afterwards. 

M.  de  Boisbaudran's  Reversion  Spectra. 

Another  modification  of  the  phosphorescence  process  is  afforded  by 
the  "  reversion  spectra"  of  M.  Lecoq  de  Boisbaudran. 

The  following  is  the  description  of  this  process  by  M.  Lecoq  de  Bois- 
baudran, read  before  the  Academy  of  Sciences  on  June  8th,  1885  : — 
"  When  the  electric  spectrum  of  a  solution  with  a  metallic  base  is 
produced  it  is  customary  to  make  the  outside  platinum  wire  (whence 
the  induction  spark  strikes)  positive,  the  liquid  consequently  forming 
the  negative  pole.  If  the  direction  of  the  current  is  reversed  the 
metallic  rays  (due  to  the  free  metal  or  to  one  of  its  compounds)  are 
scarcely  or  not  at  all  visible ;  at  all  events,  so  long  as  the  exterior 
platinum  wire  now  forming  the  negative  pole  is  not  coated  with  a 
deposit."  Fig.  15  shows  the  arrangement.  M.  de  Boisbaudran  con- 
tinues : — 

"  Having  again  taken  up  last  year  my  researches  on  the  rare  earths 
belonging  to  the  didymium  and  yttrium  family,  I  had  occasion  to 
observe  with  many  of  ray  preparations  the  formation  of  spectrum 
bands,  nebulous,  but  sometimes  tolerably  brilliant,  having  their  origin 
in  a  thin  layer  of  a  beautiful  green  colour,  which  appeared  at  the 
surface  of  the  liquid  (a  solution  of  a  chloride)  when  it  was  rendered 
positive." 

M.  de  Boisbaudran  further  adds  : — "  The  production  of  my  rever- 
sion spectrum  appears  to  be  analogous  physically  with  the  formation 
of  the  phosphorescence  spectra  obtained  by  Mr.  Crookes  at  the 
negative  pole  in  his  high  vacuum  tubes  containing  certain  compounds 
of  yttria.  The  conditions  of  the  two  experiments  are,  however,  prac- 
tically speaking,  very  different." 

By  this  method  M.  de  Boisbaudran  has  discovered  phosphorescent 
spectra,  shown  in  Figs.  23  and  24,  which  he  considers  due  to  the 
presence  of  two  earths,  one  of  which,  supposed  to  be  new,  he  has 
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pro^'isionally  named  Za,  and  another,  also  thought  at  first  to  be  new, 
and  therefore  called  ZfS,  but  since  admitted  by  him  to  be  terbia 
(Coinpt.  rend.,  108,  167,  Jan.  28,  1889).  In  the  hands  of  so  skilful 
an  experimentalist  as  my  accomplished  friend,  this  method  may  give 
trustworthy  indications,  but  the  test  is  really  beyond  the  range  of 
practical  analysis,  owing  to  the  diflBculty  of  eliciting  the  phenomena. 
Unless  the  strength  of  the  spark,  the  concentration  and  acidity  of  the 
solution,  and  the  dispersive  and  magnifying  power  of  the  spectroscope 
bear  a  certain  proportion  to  each  other,  the  observer  is  likely  to  fail 
in  seeing  a  spectrum,  even  in  solutions  of  earths  which  contain  con- 
siderable quantities  of  'Zx  and  terbia. 

I  have  had  not  only  the  advantage  of  personal  instruction  in  Paris 
from  M.  de  Boisbaudran  himself  in  the  best  methods  of  getting  these 
reversion  spectra,  but  I  secured  some  of  the  identical  earths  which 
give  these  spectra  most  distinctly.  Yet  with  all  these  advantages  I 
have  experimented  for  hours  together  without  being  able  to  see  more 
than  a  feeble  glimmer  of  the  bands  described  by  M.  de  Boisbaudran. 
Moreover,  the  bands  of  these  "  reversion  "  spectra,  at  their  strongest, 
are  but  faint  and  hazy  substitutes  for  the  brilliant  lines  of  yttria  seen 
by  the  "bombardment"  process,  and  they  do  not  even  in  all  cases 
agree  with  them  in  position.  M.  de  Boisbaudran,  speaking  of  the 
relative  sensitiveness  of  our  two  processes,  admits  that  the  bombard- 
ment process  in  vacuo  is  incomparably  more  delicate  than  his  reversion 
method.  My  own  estimate  of  the  relative  sensitiveness  of  the  two 
methods  is  in  the  proportion  of  at  least  1  :  lUU.  Though  so  accurate 
an  observer,  M.  de  Boisbaudran  concluded  apparently  too  hastily  that 
two  spectra  are  identical,  when  one  of  them  has  been  measured  only 
approximately,  and  contains  bands  in  positions  which  are  perfectly 
blank  in  the  other. 

The  FhospJiorescence  of  Alumina. 

I  now  wish  to  draw  attention  to  some  recent  researches  on  the 
pho.sphorescence  sjDectrum  given  by  alumina.  So  far  back  as  1859 
Becquerel  examined  in  his  phosphoroscope  pure  alumina  carefully 
prepared,  and  described  it  as  glowing  with  a  splendid  red  colour.  He 
rendered  his  specimens  phosphorescent  by  exposure  to  the  sun,  and 
made  no  use  of  the  induction  spark.  As  described  by  Becquerel 
{Anil.  CJtem.  Plujs.,  57,  50,  1859),  the  spectrum  of  the  red  light 
emitted  from  alumina  agrees  with  that  of  the  ruby  when  submitted  to 
the  radiant  matter  test.  It  displays  one  intensely  red  line  a  little 
below  the  fixed  line  B  in  the  spectrum,  having  a  wave-length  of  about 
6895.  There  is  a  continuous  spectrum  beginning  at  about  B  and  a 
few  fainter  lines  beyond  it,  but  in  comparison  with  this  red  line  the 
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faint  ones  arc  so  dim  tliat  tliey  may  bo  nof^-lected.  My  latest  observa- 
tions in  the  vacuum  tube  prove  this  line  to  be  double,  the  distance 
apart  of  the  components  bcina^  about  half  the  distance  separating'  the 
D  lines  (Proc.  lioij.  Soc,  42,  20,  Dee.  80,  1886),  their  respective 
wave-leno-ths  being  694-2  and  6937  (l/\-  207-5  and  207-8).  This 
alumina  spectrum  is  shown  in  Fig.  25. 

The  red  phosphorescence  of  this  alumina  is  exceedingly  charac- 
teristic. M.  de  Boisbaudran  (Compf.  rend,  103,  1107;  i04,  330, 
478,  554,  824)  contends,  however,  that  this  red  phosphorescence 
is  due  not  to  the  alumina  itself,  but  to  an  accompanying  trace  of 
chromium,  yxW^^  part  of  chromium  being  sufficient  to  give  a 
splendid  red  phosphorescence,  whilst  even  1  part  of  chromic  oxide 
in  10,000  will  produce  a  very  distinct  rose  colour.  In  testing  this 
view  1  have  purified  alumina  most  carefully,  so  as  to  secure  the 
absence  of  chromium,  and  on  examining  it  in  the  radiant  matter  tube 
1  have  still  obtained  the  characteristic  phosphorescence  and  spectrum. 
I  have  then  added  to  my  purified  alumina  chromium  in  known  vary- 
ing proportions,  but  without  finding  any  increase  in  the  intensity  of 
the  phosphorescence.  I  fractionated  my  purified  alumina  by  diiferent 
methods  and  found  that  the  substance  which  forms  the  crimson  line 
becomes  concentrated  towards  one  end  of  the  fractionations,  whilst 
chromium  concentrates  at  the  other  end.  I  have  suggested  four 
possible  explanations  of  the  phenomena — 

1.  The  crimson  line  belongs  to  alumina,  but  it  is  liable  to  be  masked 
or  extineuished  by  some  other  earth,  which  accumulates  towards  one 
end  of  the  fractionations. 

2.  The  crimson  line  is  not  due  to  alumina,  but  to  the  presence  of  an 
accompanying  earth,  which  accumulates  towards  the  other  end  of  the 
fractionations. 

3.  The  crimson  line  belongs  to  alumina,  but  its  development 
requires  certain  precautions  to  be  taken  in  the  duration  and  intensity 
of  the  ignition,  and  absolute  freedom  from  alkaline  and  other  bodies 
carried  down  by  precipitated  alumina,  and  difiicult  of  removal  by 
■washing. 

4.  The  earth  alumina  is  a  compound  molecule,  one  only  of  its  com- 
ponent sub-molecules  giving  the  crimson  line.  If  this  hypothesis  is 
correct,  alumina  must  admit  of  being  split  up  in  a  manner  analogous 
to  yttria. 

Sharp  Line  Spectra  loith  PhospJwrescent  Alumina. 

About  18  months  ago  M.  de  Boisbaudran  published  some  results 
on  "New  Fluorescence  with  well-defined  Spectral  Rays"  (Compt. 
rend.,  105,  258).     Having  mixed  alumina  with  2  per  cent,  of  samaria 
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and  converted  the  mixture  into  sulphate,  he  heated  it  to  a  tempera- 
ture between  the  melting  poiat  of  copper  and  silver.  This  product, 
examined  in  the  radiant  matter  tube,  gives  a  faint  fluorescence,  the 
spectrum  resembling  the  samarium-aluminium  spectrum  described  by 
me  in  June,  1885  (Phil  Trans.,  Part  II,  1885,  712)  (Fig.  26).  That 
is,  aluminium  and  samarium  give  a  spectrum  resembling  the  cor- 
responding calcium-samarium  one  as  to  the  red  and  the  double 
orange,  but  having  a  very  broad,  rather  faint,  green  band  with  a  black 
division  in  the  middle  occupying  the  position  of  the  bright  green 
band  of  calcium-samarium. 

On  submitting  this  aluminium-samarium  mixture  to  a  very  high 
temperature,  M.  de  Boisbaudran  finds  that  its  spectrum  alters  greatly. 
In  place  of  the  three  nebulous  bands,  there  are  now  a  number  of 
sharp  rays  forming  three  groups  corresponding  respectively  to  each 
of  the  three  diffused  bands  above  described. 

This  spectrum  seems  to  me  closely  to  resemble  the  complicated 
system  of  sharp  lines  shown  by  alumina  after  moderate  fractionation, 
to  which  I  have  already  referred  (Fig.  27,  lower  spectrum).  Taking 
some  of  this  alumina,  I  added  to  it  one-fiftieth  of  its  weight  of 
samaria,  and  thereby  obtained  a  spectrum  similar  to  that  described 
by  M.  de  Boisbandran  (Fig.  27,  upper  spectrum).  As  I  had  suspected, 
the  two  spectra  are  almost  identical ;  the  effect  of  the  samaria  is 
simply  to  intensify  some  of  the  lines  and  weaken  others.  But  betweeu 
this  sharp  line  high  temperature  spectrum  and  the  band  spectrum 
( Fig.  26)  given  by  the  same  mixture  treated  at  a  lower  temperatui'e  I 
fail  to  see  any  such  resemblance  as  could  support  the  view  that  the 
groups  correspond  save  that  "  those  of  the  line  spectra  are  less  re- 
frangible." The  explanation  of  M.  de  Boisbaudran's  result  is  simple. 
Both  samarium  sulphate  and  aluminium  sulphate  resist  a  red  heat 
without  their  sulphuric  acid  being  driven  off.  Aluminium  sulphate 
does  not  phosphoresce,  samarium  sulphate  does,  therefore  the  mixture 
gives  the  samarium  spectrum.  But  if  the  mixed  sulphates  are  heated 
to  the  highest  blowpipe  temperature  both  are  decomposed,  and  there 
is  left  a  mixtui'e  of  samaria  and  alumina.  Now,  samaria  by  itself 
gives  no  phosphorescence  spectrum,  but  alumina  gives  the  new  line 
spectrum  I  have  described. 

This  method  is  applicable  only  when  the  earths  are  in  a  sufficiently 
high  state  of  purity.  The  presence  of  exceedingly  small  traces  of 
other  matter  may  greatly  modify  the  spectrum. 

Conclusio7is, 

During  the  course  of  the  investigations — whose  results  are  briefly 
summarised  iu  the  foregoing  pages, — I  have  repeatedly  had  recourse 
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to  the  balance,  to  ascertain  how  the  atomic  weights  of  the  earths 
under  treatment  were  varying.  An  atomic  weight  determination  is 
valuable  in  telling  when  a  stable  molecular  grouping  is  arrived  at. 
During  a  fractionation,  the  atomic  weight  of  the  earth  slowly  rises  or 
falls  until  it  becomes  stationary,  after  which  no  further  fractionation 
of  that  lot  by  the  same  process  makes  it  vary.  Usually  a  result  of  this 
kind  has  been  relied  on  as  proof  that  the  elementary  stage  has  been 
reached.  This  constancy  of  atomic  weight,  however,  only  proves 
that  the  original  body  has  been  split  up  by  the  fractionating  process 
into  two  molecular  groupings  capable  of  resisting  further  decomposi- 
tion by  that  identical  process  ;  but  these  groupings  are  not  unlikely 
to  break  up  when  a  different  fractionating  process  is  brought  to  bear 
on  them,  as  I  found  in  the  separation  of  didyniium  and  samarium 
when  using  dilute  ammonia  as  the  fractionating  precipitant.  In  my 
paper  on  "  Radiant  Matter  Spectroscopy  "  I  said*  : — "  After  a  time  a 
balance  seems  to  be  established  between  the  affinities  at  work,  when 
the  earth  would  appear  in  the  same  proportion  in  the  precipitate  and 
the  solution.  At  this  stage  they  were  thrown  down  by  ammonia,  and 
the  precipitated  earths  set  aside  to  be  worked  up  by  the  fusion  of 
their  anhydrous  nitrates  so  as  to  alter  the  ratio  between  them,  when 
fractionation  by  ammonia  could  be  again  employed." 

It  is  obvious  that  when  the  balance  of  affinities  here  spoken  of 
was  reached,  the  atomic  weight  of  the  mixture  under  treatment  would, 
have  become  constant,  and  no  further  fractionation  would  have  caused 
the  atomic  weight  to  alter. 

Atomic  weight  determinations  are  valuable  in  telling  when  the 
fractionating  operation  in  use  has  effected  all  the  separation  it  can  : 
at  this  point  it  becomes  constant.  The  true  inference  is,  not  that  a 
new  earth  has  been  obtained,  but  simply  that  the  fractionating  opera- 
tion requires  changing  for  another,  which  will  cleave  the  group  of 
meta-elements  in  a  different  direction. 

Meantime,  I  have  kept  strictly  in  view  the  question.  What  is  an 
element,  and  how  shall  it  be  i-ecognised  when  met  ? 

On  this  subject  T  beg  to  submit  the  following  considerations,  which, 
primarily  referring  to  didymium,  may  at  any  moment  apply  to  other 
cases : — 

Neodymium  and  praseodymium  ai-e  simply  the  products  into  which 
didymium  is  split  up  by  one  particular  method  of  attack. 

It  must  be  remembered  that  a  single  operation,  be  it  crystallisa- 
tion, precipitation,  fusion,  partial  solution,  &c.,  can  only  separate  a 
mixture  of  several  bodies  into  two  parts,  just  as  the  addition  of  a 
reagent  only  divides  a  mixture  into  two  portions,  a  precipitate  and  a 

*  "Part  II,  Samarium,"  Phil.  Trans.,  Part  II,  129,  June  18,  1885. 
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solution,  and  these  divisions  will  be  effected  on  different  lines  accord- 
ing to  the  reagent  employed.  We  add,  e.g.,  ammonia  to  a  mixture, 
and  at  once  get  a  separation  into  two  parts.  Or  we  add,  say,  oxalic 
acid  to  the  same  original  solution,  and  we  then  split  up  the  mixture 
into  two  other  parts  differently  arranged. 

Thus  by  crystallising  didymium  nitrate  (in  Auer's  way)  we  divide 
the  components  into  two  parts.  By  fusing  didymium  nitrate  we 
divide  its  components  in  a  different  way  ;  but  so  long  as  different 
methods  of  attack  split  up  a  body  differently,  it  is  evident  that  we 
have  not  yet  got  down  to  "  bed  rock." 

Further,  a  compound  molecule  may  easily  act  as  an  element. 
Take  the  cane  of  didymium,  which  is  certainly  a  compound,  whether 
the  products  of  Auer's  operation  be  final  or  not.  Didymium  has  a 
definite  atomic  weight ;  it  has  well-defined  salts,  and  has  been  subjected 
to  the  closest  .scrutiny  by  some  of  the  ablest  chemists  in  the  world. 
I  refer  particularly  to  Cleve's  classical  memoir.  Still  the  compound 
molecule  kno\\Ti  as  didymium  was  first  too  firmly  held  together  to 
act  otherwise  than  as  an  element,  and  as  a  seeming  element  it 
emero-ed  from  every  ti-ial.  The  simple  operations  to  which  it  had 
been  submitted  in  the  preparation  of  its  salts,  and  in  its  pui'ification 
from  other  compouud  molecules,  such  as  samarium  and  lanthanum, 
were  not  sufficient  to  split  it  up  further.  But  subjected  to  a  new 
method  of  attack  it  decomposes  at  once. 

We  have,  in  fact,  a  certain  number  of  reagents,  operations,  pro- 
cesses. &c.,  in  use.  If  a  body  resist  all  these  and  behave  otherwise 
as  a  simple  substance,  we  are  apt  to  take  it  at  its  own  valuation  and 
to  call  it  an  element.  But  for  all  that,  it  may,  as  we  see,  be  compound, 
and  as  soon  as  a  new  and  appropriate  method  of  attack  is  devised  we 
find  it  can  be  split  up  with  comparative  ease.  Still,  we  must  never 
forget  that,  however  complex,  it  can  hardly  be  resolved  into  more 
than  two  parts  at  one  operation. 

From  considerations  above  laid  down  I  do  not  feel  in  a  position  to 
recocmise  neodymium  and  praseodymium  as  elements.  We  need  some 
criterion  for  an  element  which  shall  appeal  to  our  reason  more  clearly 
than  the  old  untrustworthy  characteristic  of  having  not  as  yet  been 
decomposed,  and  to  this  point  I  must  beg  to  call  the  special  attention 
of  my  colleagues.  It  may  be  that  whatever  body  gives  only  one 
absorption-band  is  an  element,  but  we  cannot  conversely  say  that  an 
element  may  be  known  by  its  giving  only  one  absorption-band,  since 
most  of  our  elements  give  no  bands  at  all ! 

Until  these  important  and  difficult  questions  can  be  decided,  I  have 
preferred  to  open  what  may  be  figuratively  called  a  suspense  account, 
wherein,  as  I  have  previously  suggested,  we  may  provisionally  enter 
all  these  doubtful  bodies  as  "  meta-elements." 
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But  these  meta-elements  ma}'  liave  moi-o  than  a  mci'c  provisional 
value.  Besides  compounds,  wc  have  hitherto  recog"nised  merely 
ultimate  atoms,  or  the  ag'gregations  of  such  atoms  into  simple  mole- 
cules. But  it  becomes  more  and  more  probable  that  between  the 
atom  and  the  compound  we  have  a  gradation  of  molecules  of  difPercnt 
ranks,  which,  as  we  have  seen,  may  pass  for  simple  elementary  bodies. 
It  might  be  the  easier  plan,  so  soon  as  a  constituent  of  these  earths 
can  be  found  to  be  chemically  and  spectroscopically  distinguishable 
from  its  next  of  kin,  to  give  it  a  name,  and  to  claim  for  it  elemental 
rank;  but  it  seems  to  me  the  duty  of  a  man  of  science  to  treat 
every  subject,  not  in  the  manner  which  may  earn  for  him  the  greatest 
temporary  icveo9,  but  in  that  which  will  be  of  most  service  to   Science. 

If  the  study  of  the  rare  earths  leads  us  to  clearer  views  on  the 
nature  of  the  elements,  neither  my  colleagues  nor  myself  will,  I  am 
sure,  regret  the  months  spent  in  tedious  and  apparently  wearisome 
fractionations.  Iso  one  can  be  more  conscious  than  myself  how  much 
ground  is  yet  uncovered  and  how  many  radical  questions  have  re- 
ceived but  very  inadequate  answers.  But  we  can  only  work  on, 
"  unresting,  unhasting,"  trusting  that  in  the  end  our  work  will 
throw  some  white  light  upon  this  deeply  intei*esting  dejaartment  of 
chemical  physics. 

Throughout  the  address,  attention  ■was  directed  to  the  various 
spectra,  and  to  the  methods  of  producing  them;  the  action  of  differ- 
ent earths,  &c.,  on  phosphorescence  spectra  was  also  specially  con- 
sidered. 

Professor  Dewar  proposed  a  vote  of  thanks  to  the  President,  coupled 
with  the  request  that  he  allow  his  address  to  be  printed;  Dr.  Glad- 
stone seconded  the  motion,  which  was  cari'ied  by  acclamation.  The 
President  briefly  responded. 

Dr.  Russell,  the  Treasurer,  then  gave  an  account  of  the  financial 
po.sition  of  the  Society.  The  receipts  by  admission  fees  and  subscriji- 
tions  had  been  £3,402 ;  by  sale  of  Journal,  £365  3*.  Sd  ;  and  by 
dividends  on  invested  capital,  £344  4^.  3cl.  The  expenses  on  account 
of  the  Journal  had  been  £2,350  5s.  lid. ;  on  account  of  the  Abstracts 
of  Proceedings,  £164  4s.  7d. ;  on  account  of  the  Library,  £308  5s.  6d.; 
the  total  expenditure  being  £3,429  18s.  3d.  £500  had  been  invested 
in  Metropolitan  Board  of  Works  3^  per  cent,  stock,  and  the  balance 
in  hand  was  £1,833  10s.  6d.,  the  balance  at  the  corresponding  period 
last  year  having  been  £1,672  19s.  Sd. 

Professor  Thorpe  moved  that  the  thanks  of  the  Society  be  tendered 
to  the  Treasui-er  for  his  services  during  the  past  session ;  Dr.  Perkin 
seconded  the  motion.     Dr.  Russell,  afier  re])iying,  prciposed  a  vote  of 
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tliaiiks  to  the  auditors,  Messrs.  R.  H.  Davies,  Friswell,  and  Rideal ; 
tliis  was  seconded  by  Dr.  P.  F.  Prankland,  and  acknowledged  by  Mr. 
Friswell. 

Mr.  J.  Newlands  proposed  a  vote  of  thanks  to  the  Officers  and 
Council,  which  was  seconded  by  Dr.  J.  Voelcker,  and  acknowledged 
by  Dr.  Armstrong. 

Professor  Clowes  moved  that  the  thanks  of  the  Fellows  be  tendered 
to  tbe  Editors,  Abstractors,  and  Librarian  for  their  important  services 
during  the  year.  Dr.  Collie  seconded  the  motion.  Mr.  Groves  and 
Dr.  Thorne  replied. 

Messrs.  Foster  and  E.  W.  Voelcker  having  been  appointed  Scru- 
tators, a  ballot  was  taken,  and  as  result  the  following  were  declared 
elected  as  Officers  and  Council  for  the  ensuing  session. 

President:  W.  J.  Russell,  Ph.D.,  F.R.S. 

Vice-PresidpMts  who  have  filled  the  office  of  President :  Sir  F.  A.  Abel, 
C.B.,  D.C.L.,  F.R.S.  ;  W.  Crookes,  F.R.S. ;  Warren  de  la  Rue,  D.C.L., 
F.R.S. ;  E.  Frankland,  D.C.L.,  F.R.S. ;  J.  H.  Gilbert,  Ph.D.,  F.R.S. ; 
J.  H.  Gladstone,  Ph.D.,  F.R.S.;  A.  W.  Hofraann,  D.C.L.,  F.R.S.; 
H.  MiiUer,  Ph.D.,  F.R.S.;  W.  Odling,  M.B.,  F.R.S.  ;  W.  H.  Perkin, 
Ph.D.,  F.R.S.  ;  Sir  Lyon  Playfair,  Ph.D.,  K.C.B.,  F.R.S.;  Sir  H.  E. 
Roscoe,  LL.D.,  F.R.S. ;  A.  W.  Williamson,  LL.D.,  F.R.S. 

Vice-Presidents :  G.  Carey  Foster,  F.R.S.;  J.  W.  Mallet,  M.D., 
F.R.S.;  H.  McLeod,  F.R.S.  ;  Ludwig  Mond ;  J.Emerson  Reynolds, 
M.D.,  F.R.S. ;  Robert  Warington,  F.R.S. 

Secretaries :  H.  E.  Armstrong,  Ph.D.,  F.R.S. ;  J.  Millar  Thomson; 
F.R.S.E. 

Foreign  Secretary  :  F.  R.  Japp,  LL.D.,  F.R.S. 

Treasurer:  T.  E.  Thorpe,  B.Sc,  F.R.S. 

Ordinary  Memhers  of  Council :  I^orman  Collie,  Ph.D. ;  A.  H.  Church , 
M.A. ;  Frank  Clowes,  D.Sc. ;  Wyndham  R.  Dunstan,  M.A. ;  John 
Ferguson,  M. A. ;  Charles  W.  Heaton  ;  E.  Kinch  :  H.  F.  Morley,  M.A.  ; 
F.  J.  M.  Page,  B.Sc. ;  S.  U.  Pickering,  M.A. ;  R.  T.  Plimpton,  Ph.D. ; 
Thomas  Pnrdie,  B.Sc. 
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James  Smith  Brazier  was  bom  at  Rye,  Sussex,  on  7th  March,  1825, 
and  losing  both  his  parents  in  early  childhood,  he  was  adopted  by  his 
maternal  uncle,  Mr.  Jeremiah  Smith,  of  Springfield  Lodge,  Rye, 
whose  name  appears  as  one  of  the  early  promoters  of  the  Royal 
College  of  Chemistry.  To  the  newly-founded  institution  in  Oxford 
Street,  Mr.  Brazier  repaired  in  1847,  shortly  after  completing  his 
school  education  at  King  William's  College,  Isle  of  Man,  taking  up 
his  residence  with  Mr.  William  Johnson,  who  was  then  the  Secretary  ; 
from  him  he  gained  that  practical  knowledge  of  electrotyping  which 
often  served  him  as  a  recreation,  and  with  whom  incidentally  he  suc- 
ceeded in  effecting  the  electro-deposition  of  nickel,  using  for  this 
purpose  the  comparatively  insoluble  and  easily  purified  potassium, 
nickel  sulphate. 

Whilst  a  student  at  the  Royal  College  of  Chemistry,  he  published 
two  papers  conjointly  with  Dr.  J.  E.  Mayer,  the  first  entitled 
"  Analyses  of  the  Mineral  Constituents  of  the  Flax  Plant,  and  of  the 
Soils  upon  which  the  Plants  had  been  Grown,"  read  before  this 
Society,  February  5th,  1849 ;  the  second,  "  An  Analysis  of  Plate 
Glass,"  was  read  May  21st,  1849 ;  and  in  the  following  year,  con- 
jointly with  Mr.  G.  Gossleth,  a  student  from  Trieste,  "  Contributions 
towai'ds  the  History  of  Caproic  and  Oenanthylic  Acids"  was  read, 
June  17th,  1850.  Mr.  Brazier  was  now  appointed  Assistant  at  the 
College,  and  in  this  capacity  worked  with  Dr.  A.  W.  Hofmann 
throiigh  part  of  his  "  Researches  on  the  Organic  Bases.  IX. — Their 
Molecular  Constitution,"  read  before  the  Royal  Society,  April  3rd, 
1851,  in  which  paper.  Dr.  Hofmann,  acknowledging  services  rendered, 
speaks  of  Mr.  Brazier's  experimental  skill  and  knowledge  in  the 
highest  terms  of  praise.* 

Leaving  London,  he  worked  for  a  short  time  with  Professor  T. 
Andrews,  of  Queen's  College,  Belfast ;  and  from  Ireland  he  went  to 
Aberdeen,  becoming  Assistant  to  Dr.  Thomas  Clark  and  Dr.  Andrew 
Fyfe  successively,  until,  by  the  union  of  the  Colleges  and  death  of  the 
last-named  Professor  (in  1861),  Brazier  was  chosen  by  the  University 
Court  to  succeed  to  the  vacant  Chair  of  Chemistry,  with  which  he 
afterwards  combined  the  duties  of  Secretary  of  the  Medical  Faculty, 
and  eventually  became  Dean. 

For  more  than  a  quarter  of  a  century.  Professor  Brazier  did  his 
work  at  Aberdeen  in  a  manner  which  cannot  fail  to  leave  a  lasting 

*  See  E.C.C.  Keports,  vol.  ii,  p.  228. 
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record,  training  numerous  students  and  gaining  as  many  friends, 
until  by  illness — failure  of  the  heart's  action — he  was  forced  to  retire 
last  autumn,  and  died  on  the  14th  January  in  the  present  year,  aged 
04.  He  left  a  widow  and  five  children,  the  three  sons  being  in  the 
service  of  the  Chinese  Government. 

Professor  Brazier  was  a  Fellow  of  the  Institute  of  Chemistry,  and 
Vice-President  of  the  British  Association  during  the  meeting  at 
Aberdeen.  He  was  frequently  consulted  by  the  Town  Council, 
actincr  with  Mr.  John  Pattinsou  in  investigating  the  causes  of  failure 
t)f  the  Graving  Dock,  and  tendering  a  report  in  1887.  He  held  no 
University  degree,  but  arrangements  had  been  made  to  confer  upon 
him  the  honoraiy  LL.D.  of  Aberdeen,  when  death  intervened  to 
prevent  its  fulfilment. 

Joseph  James  Coleman  was  the  son  of  a  pharmaceutical  chemist 
in  Lincolnshire,  and  was  born  there  in  1838.  His  father  having  died 
when  he  was  only  ten  years  of  age,  he  had  no  guide  in  his  early  life 
and  studies,  but,  being  of  an  industrious  and  studious  nature,  he  made 
excellent  progress  in  the  classes  of  the  Mechanics'  Institution  of 
Halifax,  where  he  became  connected  with  a  business  similar  to  his 
father's.  He  devoted  all  his  spare  time  to  chemistry  and  physics, 
with  such  success  that  at  the  early  age  of  twenty-one  he  read  two 
papers  at  the  Chemical  Section  of  the  British  Association  on  certain 
relations  between  the  atomic  weights  and  volumes  of  the  elements, 
one  of  which  was  duly  published  in  the  Proceedings  of  the  Association. 
His  liking  for  these  studies  impelled  him  to  devote  himself  entirely  to 
them,  and  he  soon  abandoned  his  ordinary  calling  to  become  a  teacher 
of  science,  an  office  which  he  filled  in  three  different  Institutions,  one 
of  which  was  the  celebrated  training  college  at  Chester,  of  which  the 
Rev.  Dr.  Begg  was  then  Principal.  At  this  time  the  distillation  of 
the  Boghead  coal  for  oils  and  paraffin  had  been  established  on  a  firm 
footing,  in  Scotland,  by  the  late  Mr.  James  Young,  F.R.S.,  of  Kelly  ; 
and  a  material  having  been  found  near  Chester  which  yielded  similar 
products  in  quantity,  Mr.  Coleman  left  Chester  to  erect  and  manage 
works  for  its  treatment.  He  was  not  long  allowed  to  remain  there, 
however,  as  Young's  Company  coveted  his  services,  and  soon  secured 
him  for  the  post  of  chemical  engineer  at  their  Bathgate  works,  in 
Scotland,  where  he  was  undei'stood  to  devote  himself  to  the  investi- 
gation of  the  Avaste  products  with  a  view  to  economy.  This  he  did 
with  marked  success,  and,  among  other  similar  things,  devised  means 
of  liquefying  the  so-called  "  incondensible  gases,"  obtaining  from  them 
liquid  products  of  high  solvent  power  for  many  substances.  The 
working  out  of  this  investigation  led  to  a  much  more  extended  one, 
the  resulb  of  which  was  the  production  of  refrigerating  machinery  of  a 
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Taluable  and  unique  cliaractcr,  witli  whicli  his  r.amc  will  ever  he 
associated.  The  "Bell-Coleman"  mode  of  refrigeralion  has  been  one 
of  the  greatest  successes  of  the  present  centui-v,  nnd  by  its  means 
cargoes  innumerable  of  dead  meat  have  been  brought  home,  in  perfect 
condition,  from  all  parts  of  the  world.  He  contributed  numerous 
papers  to  various  societies  and  science  journals,  including  the  Royal 
Society  of  Edinburgh,  the  Institution  of  Civil  Engineers,  the  Institu- 
tion of  Engineoi-s  nnd  Shipbuilders  in  Scotland,  the  Philosophical 
Magazine,  and  the  Philosophical  Society  of  Glasgow,  of  which  he  was 
a  member  for  about  twenty  years.  For  some  years  previous  to  his 
death,  the  very  delicate  state  of  his  health  debarred  him  from  doing 
the  amount  of  scientific  work  which  he  longed  to  do ;  indeed,  his 
complaint,  which  was  chronic  bronchitis,  compelled  him  to  live  a 
somewhat  retired  life,  and  he  frequently  expi'cssed  his  regret  at  being 
unable  to  attend  the  meetings  of  the  Glasgow  and  Scottish  Section  of 
the  Society  of  Chemical  Industry,  of  which  he  was  Chairman.  He 
was  unmarried  ;  and  latterly  he  spent  his  time  between  his  cousei'va- 
tory  and  his  laboratory  adjoining,  which  was  fitted  and  efjuippjd  in  a 
manner  woj'thy  of  him  and  his  work. 

Clear-headed,  warm-hearted,  and  with  a  devotedness  to  science 
which  might  be  a  rebuke  to  many  of  its  followers  who  are  more 
favoured  in  health,  he  fought  on  when  many  a  brave  man  would  have 
given  himself  np  to  the  care  of  his  complaint.  He  died  at  his  resi- 
dence, Bearsden,  near  Glasgow,  on  the  18th  of  December  last,  equally 
beloved  and  respected  by  all  who  knew  him. 

H.  Debray  began  his  scientific  career  as  Assistant  to  Deville  at  the 
Ecole  Normale,  and  aided  that  investigator  in  carrying  out  various 
researches,  amongst  which  may  be  mentioned  the  classical  work  in 
which  Deville  laid  the  foundation  of  the  aluminium  industry.  A 
year  later,  in  1859,  there  appeared  the  first  of  the  long  series  of 
memoirs  in  which  the  names  of  Deville  and  Debray  are  associated. 
It  was  an  investigation  of  the  platinum  metals,  a  subject  to  which 
the  two  chemists  frequently  returned,  and  the  knowledge  of  which 
they  did  so  much  to  extend.  It  may  be  said  that  the  present 
metallurgy  of  platinum  was  created  by  them. 

M.  Debray  will,  perhaps,  be  best  remembered  by  his  work  on 
dissociation.  Deville  had  investigated  the  phenomena  of  dissociation 
and  had  pointed  out  on  what  conditions  they  depended.  But  the 
work  still  lacked  the  requisite  exact  and  quantitative  confirmation, 
and  it  was  to  the  task  of  supplying  this  want  that  M.  Debray,  who 
was,  in  the  best  sense  of  the  word,  a  disciple  of  Deville,  and  had 
imbibed  to  the  full  his  master's  ideas,  set  himself.  He  selected  for 
Btudy  classes  of  compounds  in  which   the   conditions  of  dissociation 
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were  simple,  and  the  amount  of  dissociation  admitted  of  acourate 
measurement.  The  results,  as  embodied  in  his  work  "  On  the  Dis- 
sociation of  Calcium  Carbonate  and  of  Hydrated  Salts,"  and  his 
"  Measurements  of  the  Tensions  of  Dissociation,"  are  too  well  known 
to  require  description  here. 

Amono-  bis  other  work  may  be  mentioned  his  researches  on 
o-luciaum,  molybdenum,  and  tungsten,  with  the  determination  of  the 
vapour-densities  of  the  chlorides  of  tungsten,  and  his  various 
syntheses  of  crystallised  minerals. 

On  Deville's  death,  in  1881,  M.  Debi'ay  succeeded  to  his  Chair  in 
the  Ecole  Normale,  a  post  which  he  filled  until  his  death,  which  took 
place  at  Paris  on  July  19th,  1888. 

He  was  elected  a  Member  of  the  French  Academy  of  Sciences  in 
1877,  and  a  Foreign  Member  of  the  Chemical  Society  in  1883. 

W.  F.  DoNKiN  was  the  eldest  son  of  the  late  Savilian  Professor 
of  Astronomy  at  Oxford.  Born  in  18^15,  he  went  at  an  early  age  to 
Eton,  where  he  was  educated,  and  where  he  obtained  distinction  in 
natural  science.  On  leaving,  he  read  for  a  Demyship  in  that  subject 
at  Magdalen  College,  Oxford,  and  was  elected  in  1865.  Taking  his 
decree  with  honours  in  1868,  he  prosecuted  his  favourite  study  of 
chemistry,  and  became  As.sistant  Demonstrator  in  the  University 
Laboratory,  besides  undertaking  other  duties,  such  as  those  of  Public 
Analyst  to  the  County.  He  also  became  Science  Tutor  of  Keble 
College.  He  married  in  1876,  but  lost  his  wife  the  following  year. 
This  grief  led  him  before  long  to  think  of  leaving  Oxford,  and  when, 
in  the  course  of  a  year  or  two,  the  Professorship  of  Chemistry  in 
St.  George's  Hospital  became  vacant,  and  was  offei'ed  to  him,  he 
accepted  the  post,  and  came  to  live  near  London.  To  the  study  of 
chemistry  he  now  began  to  add  that  of  electi'icity,  in  which  he 
speedily  became  proficient — especially  in  the  direction  of  electric 
lighting ;  here,  his  beautiful  dexterity  of  manipulation  stood  him  in 
good  stead,  and  he  acted  for  some  time  as  scientific  experimenter  to 
a  well-known  electrical  firm,  by  whom  his  opinion  was  much  valued. 
Indeed,  in  the  opinion  of  one  well  qualified  to  judge,  he  was  rapidly 
making  his  mark  as  a  leader  in  experimental  investigations  requiring 
high  chemical  and  electrical  knowledge. 

His  marked  liking  for  scientific  pursuits  was  early  shown ;  thus, 
when  about  10  years  old,  and  when  on  account  of  his  father's  health 
a  winter  had  to  be  passed  in  Madeira,  he  made  a  collection  of  the 
beetles  of  that  island,  and,  again,  a  year  or  two  later,  he  collected, 
ground,  and  polished  a  number  of  geological  specimens  of  the  rocks 
at  Clifton.  About  this  time,  also,  he  began  photography,  his  apparatus 
consisting  of  a  little  wooden  box  made  by  the  village  carpenter  whicU 
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served  as  camera,  and  a  common  magnifying  glass  in  a  pill-box 
for  lens.  With  this  humble  outfit  he  produced  some  very  respect- 
able photographs,  and  it  was  not  long  before  his  perseverance 
attracted  the  attention  of  a  friend  who  made  him  a  present  of  a 
camera  and  lens,  with  whicli  he  made  further  and  rapid  progress. 
What  his  ultimate  attainments  in  photography  were,  especially  in 
Alpine  photography,  it  is  scarcely  necessary  to  say.  The  Exhibition 
of  his  Alpine  and  Caucasian  Photographs,  which  was  lately  open  at 
the  Gainsboi'oagh  Gallery,  was  probably  unique,  for  few  men,  if  any, 
joined,  as  he  did,  great  powers  as  a  mountaineer  to  great  skill  in 
photography. 

Besides  making  a  name  for  himself  as  scientist  and  climber,. 
Mr.  Donkin  w^as  also  an  excellent  musician,  having  inherited  the 
talent  from  his  father.  Many  may  still  recollect  the  family  quartefts 
in  which  he  played  the  viola.  His  steadiness  and  experience  w^jis 
such  as  to  make  him  a  useful  addition  to  a  performance  even  when 
professional  artists  of  the  highest  rank  were  playing,  and  of  late 
yeai'S  he  took  on  sevei'al  occasions  the  viola  part  in  quartetts  and 
quintetts  led  by  Joachim.  He  also  did  much  towards  furthering 
the  cause  of  music  in  the  people's  concerts  in  the  East  End,  and  w^as 
always  ready,  at  whatever  inconvenience  to  himself,  to  help  where 
his  aid  was  asked. 

In  1884,  Mr.  Donkin  became  Honorary  Secretary  of  the  Photo- 
graphic Society,  and  in  1885  of  the  Alpine  Club.  In  1886,  he  went 
to  the  Caucasus  with  Mr.  C.  T.  Dent,  now  the  President  of  the 
Alpine  Club,  and  last  year  he  made  a  second  expedition  tliere,  taking 
as  companion  Mr.  H.  Fox,  and  Mr.  Dent  again  accompanying  him. 
Mr.  Dent  was  compelled  to  return  through  illness,  and  Mr.  Donkin 
and  Mr.  Fox  with  their  two  Swiss  guides  continued  their  moun- 
taineering. On  the  morning  of  the  29th  or  30th  of  August,  the 
party  started  to  cross  a  glacier  pass  at  the  eastern  base  of  the  great 
peak  marked  on  the  Russian  map  as  Dychtan,  with  the  intention  ot 
bivouacking  beyond  the  pass,  and  attempting  the  peak  next  day  by 
its  south-eastern  face.  They  were  never  seen  again,  and  it  is  probable 
that  some  disaster  must  have  overtaken  the  travellers  and  their  guides 
in  the  attempt  on  Dychtan.  Few  men  have  been  more  widely- 
mourned  than  Mr.  Donkin ;  his  modesty,  unselfishness,  and  fine  c!)a- 
racter  endeared  him  to  all  with  whom  he  came  in  contact,  and  his 
death  has  caused  a  blank  in  many  quarters  which  it  will  not  be  ea.sy 
to  fill. 

Henry  W.  Field,  a  son  of  John  Field  (an  officer  of  the  Royal 
Mint),  was  born  23rd  March,  1803.  His  early  training  was  in 
London,  and  also  under  a  clergymau  iu  Warwickshii-e. 
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In  1818,  at  the  earlj  age  of  15,  lie  received  an  appointment  hj  Sir 
James  Morrison  as  an  extra  clerk  in  the  Royal  Mint.  In  1835,  he 
began  to  study  chemistry  at  Guy's  Hospital  ander  Aikin  and  Barry, 
and  then  assisted  as  an  amateur  in  the  Queen's  Assay  Office  under 
^Ir.  Robert  Binglej,  also  in  the  Master's  Assay  Office  tinder  Mr. 
Beckwith. 

In  1850  and  1851,  great  changes  were  made  in  the  Mint  in  all  the 
departments,  Mr.  H.  Bingley  resigning,  and  the  Master's  Assay  Office 
being  abolished ;  the  work  of  that  department  was  then  divided 
between  Professor  W.  A.  Miller  and  Professor  Graham,  under  the  title 
of  "  Non-resident  Assay ers." 

The  Queen's  Assay  Office  continued  to  carry  on  its  woi-k,  and 
Mr.  Field  was  appointed  by  the  Master,  Sir  John  Herschel,  to 
succeed  Mr.  Bingley,  with  the  title  of  "  Chief  Assayer,"  and  in  this 
position  he  continued  for  20  years,  viz.,  until  his  resignation  in 
1871. 

During  Mr.  Field's  connection  with  the  Royal  Mint,  he  had  fulfilled 
a  career  of  increasing  usefulness  to  the  country  for  a  period  of  more 
than  51  years,  and  during  four  reigns,  namely,  part  of  George  III, 
that  of  George  lY,  William  IV,  and  Victoria. 

He  died  at  Brighton  in  June,  1888,  at  the  age  of  85. 

Dr.  David  S.  Price,  superintendent  of  the  Technological  Museum 
at  the  Crystal  Palace,  died  at  Margate,  after  a  pi'otracted  illness,  on 
Monday,  August  6th,  1888.  He  was  the  son  of  the  late  Dr.  Price,  of 
Margate,  and  was  well  known  as  a  practical  chemist.  His  i-esearches 
on  aniline  dyes  and  in  other  branches  of  chemical  manufacture,  have 
led  to  important  results  ;  he  was  also  the  inventor  of  the  very  durable 
pavement  now  laid  down  on  the  roadway  of  London  Bridge,  besides 
having  been  concerned  in  many  other  prominent  works.  He  was  a 
Fellow  of  the  Institute  of  Chemistry,  and  was  the  author  of  a 
number  of  papers  on  chemical  subjects.  •  Dr.  Price's  long  connection 
with  the  Crystal  Palace  made  him  a  well-known  figure  there  ;  tlie 
Technological  Museum  at  that  place  was  due  to  his  energy. 

Joseph  Dexham  Smith  was  born  in  London  in  the  year  1817,  and 
died  at  his  residence.  Fair  Lawn,  Combe  Wood,  Kingstou-on-Thamt  s, 
December  11th,  1888. 

Inheriting  from  his  father  great  perseverance  and  shrewdness  of 
character,  and  endowed  with  rare  intellectual  gifts,  he  was,  as  a 
young  man,  a  careful  student  and  a  great  reader,  and  afterwards, 
from  his  large  acquaintance  with  English  literature,  a  master  of  the 
English  language. 

Early    in   life,   he    decided    on   making    chemistry    and    its   allied 
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sciences  liis  special  work,  and  with  the  great  patience  he  brought  to 
bear  on  every  subject,  he  was  singularly  fitted  for  work  of  this  kind, 
which  necessarily  demands  care  and  though tfulness. 

In  18:{3,  he  entered  the  laboratory  of  Mr,  Richard  Phillips,  F.R.S., 
one  of  the  leading  chemists  of  that  day,  and  one  of  the  first  Presidents 
of  our  St)ciety.  Mr.  Phillips  was  selected  by  the  Loudon  College  of 
Physicians  in  1836  to  revise  the  Pharmacopceia  Londiniejisis,  and  it 
was  at  that  time  that  Mr.  Denham  Smith  acquired  the  knowledge  of 
Mr.  Phillips's  scientific  views  and  methods  of  investigation  which 
enabled  him  in  18-51  so  satisfactorily  to  edit  and  superintend  in  its 
passage  through  the  press  Mr.  Phillips's  translation  of  the  Pharma- 
copceia  of  that  year,  which  the  author  did  not  live  to  complete. 

At  this  time  also,  Mr.  Smith  began  to  contribute  various  papers 
and  reviesvs  to  the  Medical  Journal,  Philosophical  Magazine,  and 
Chemical  Gazette,  of  which  the  following,  published  between  1835  and 
1852,  may  be  mentioned : — "  On  the  Composition  of  Iodide  of  Iron," 
"  On  the  Analysis  of  German  Silver  and  the  Separation  of  Zinc  from 
Ni:^kel,"  '"  On  the  Separation  of  Barytes  and  Strontia,"  "  On  the 
Composition  of  the  Carbonate  of  Zinc,"  "  On  the  Hydrates  of  Barytes 
and  Strontia,"  "  On  the  Detection  and  Estimation  of  Colophony 
when  Dissolved  in  Fixed  Oils,"  "  Ou  the  alleged  Conversion  of 
Carbon  into  Silicon,"  "  On  the  Constitution  of  Sub-sulphates  of 
Copper,"  "  On  the  Composition  of  an  A.cid  Oxide  of  Iron,"  "  On  the 
Composition  of  South  American  Guanos,  with  mode  of  Estimating 
Ammonia  and  process  for  Separating  Lime  and  Magnesia  when  in 
combination  with  Phosphoric  Acid,"  "On  Early  Egyptian  Che- 
mistry," "  Separation  of  Cobalt  and  Nickel ;"  and  in  later  years 
Mr.  Smith  published  various  papers  conjointly  with  his  partner, 
Mr.  Teschemacher,  and  his  nephew,  Mr.  Russell  Smith,  on  the 
analyses  of  many  of  the  minerals  and  drugs  met  with  in  commerce. 

From  the  laboratory  of  Mr.  Pliillips,  the  subject  of  our  memoir 
went  to  supei"intend  the  working  out  of  various  special  processes  at 
some  of  the  largest  chemical  works  in  the  country,  and  for  some  years 
had  the  entire  management  of  the  Iron  Smelting  Works  at  Work- 
ington. 

Having  by  this  time  acquired  a  wide  knowledge  of  chemistry, 
both  scientific  and  manufacturing,  he  was  asked  in  1852,  and  con- 
sented, to  enter  into  partnership,  at  Highbury,  with  his  friend,  Mr.  E. 
F.  Teschemacher,  the  elder,  who  was  the  earliest  professional  analyst 
in  London,  indeed  in  the  kingdom  ;  and  on  the  death  of  Mr.  Tesche- 
macher in  1862,  Mr.  Denham  Smith  became  the  senior  member  of 
the  firm  of  "  E.  F.  Teschemacher  and  J.  Denham  Smith,"  first  with 
Mr.  E.  F.  Teschemacher  the  younger,  and  then  with  his  nephew, 
^r.  H.  Russell  Smith,  until  the  day  of  his  death. 
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His  scientific  attamments,  his  practical  knowledge  of  manufacturing 
chemistry  and  metallurgy,  rendered  his  professional  opinion  and 
assistance  highly  valued  and  widely  sought  after  by  many  of  the 
leading  merchants  and  manufacturers  in  this  country. 

Mr.  Denham  Smith  was  one  of  the  original  members  of  the  Chemical 
Society  on  its  formation  in  1841,  and  there  now  survive  him  six  others 
of  those  constituting  the  Society  in  that  year. 

On  December  11th,  1888,  he  died,  after  a  long  and  trying  illness, 
borne  with  patience  and  calmness. 

Mr.  Joseph  Storet  was  the  youngest  son  of  the  late  Mr.  Isaac 
Storey,  and  was  born  at  Bardsea,  near  Ulverstone,  in  the  year  1833. 
His  father  afterwards  removed  to  Lancaster,  where  he  carried  on  a 
successful  private  school  until  his  death  at  a  comparatively  early 
age. 

Having  received  the  ordinary  school  education,  Mr.  Joseph  Storey 
entered  the  employment  of  the  large  firm  of  table  baize  manufacturers 
carried  on  by  his  elder  brothers  in  Lancaster.  After  some  time  spent 
in  this  occupation,  Mr.  Storey  went  abroad,  and  on  his  return  to 
England  he  entered  as  a  student  at  Owens  College,  Manchester. 
There  he  passed  two  years,  working  principally  at  chemistry  under 
Professor  E.  Frankland. 

After  the  completion  of  his  chemical  studies,  Mr.  Storey  settled  in 
Lancaster,  where  he  became  engaged  as  con.sulting  chemist  to  the 
firm  of  his  brothers,  and  manager  of  certain  branches  of  their  manu- 
facture, in  which  his  chemical  and  technical  knowledge  was  of  great 
service. 

While  continuing  this  employment,  his  energy  found  an  additional 
scope  in  the  establishment  of  a  chemical  works  on  his  own  account ; 
where  he  manufactured  a  number  of  miscellaneous  articles,  but  more 
especially  colours  produced  from  picric  acid  and  other  derivatives  of 
phenol.  The  early  age  in  which  he  became  engrossed  in  the  practical 
application  of  chemistry  had  not  enabled  him  to  keep  up  with  the 
more  recondite  developments  of  the  science  ;  but  he  had  great  experi- 
mental skill  and  aptitude,  and  was  fertile  in  resources  for  encountering 
and  overcoming  manufacturing  and  technical  difiiculties. 

For  the  latter  part  of  his  life,  Mr.  Storey  had  to  contend  with 
increasing  ill  health,  and  he  died  in  the  spring  of  1888,  to  the  grief 
not  only  of  his  own  immediate  family  circle,  but  to  that  of  the  large 
number  of  friends  to  whom  he  was  endeared  for  his  frank  and  genial 
character. 

William  Wallace  was  born  in  Edinburgh  in  the  year  1832.  He 
was  the  son  of  an  artist  of  celebrity,  who  survived  to  see  him  well 
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advanced  in  the  study  of  chemistiy,  a  profession  which  lie  had  chosen 
iu  preference  to  his  father's.  His  early  education  was  acquired  h\ 
Glasgow,  however,  to  which  city  his  family  had  removed  when  he 
was  but  eight  years  of  age.  For  a  considerable  portion  of  Ms  early 
life,  he  was  a  pupil  at  the  High  School  of  Glasgow,  where,  under  the 
training  of  Messrs.  Coniiell,  Woolski,  and  other  masters  of  note,  h(! 
distinguished  himself  by  his  receptiveness  and  industry.  At  the  age 
of  15,  he  began  to  attend  the  evening  popular  courses  of  chemistry 
given  by  the  late  Dr.  Frederick  Penny  at  Anderson's  College, 
Glasgow,  and  was  so  captivated  by  what  he  heard  and  saw  that  he 
resolved  to  devote  himself  to  the  subject,  and  with  that  object  became 
a  regular  student  in  that  laboratory,  where  for  several  years  be 
laboured  with  great  assiduity,  his  material  ability  and  skill  in  im- 
proving apparatus  and  methods  commanding  the  esteem  of  all  who 
knew  him,  while  his  gentlemindedness  won  for  him  many  friends. 
With  the  object  of  extending  his  knowledge  of  organic  chemistry,  he 
then  went  to  Liebig's  laboratory  at  Giessen,  where  be  remained  for 
two  years,  and  took  the  usual  degree  ;  and  there  can  be  no  doubt  that 
the  great  master's  style  influenced  all  his  teaching  and  practice  through- 
out his  after  life.  On  returning  to  Scotland,  he  became  Laboratory 
Assistant  to  Dr.  Penny,  a  post  which  he  held  for  many  years,  and 
when  this  eminent  lecturer's  health  failed  he  carried  on  his  lectures. 
About  the  year  1856,  he  began  business  in  Glasgow  as  an  analytical 
and  consulting  chemist,  and  from  the  first  it  was  manifest  that  success 
would  attend  this  effort,  a  result  due  to  his  rare  combination  of  per- 
severance, firmness,  and  a  keen  perception  of  the  practical  bearings  nf 
all  his  work.  Already  he  had  devoted  much  time  to  the  technology 
of  "coal-gas"  and  of  sugar  refining,  subjects  on  which,  as  well  as 
in  sewage  matters  and  questions  relating  to  water  supply,  he  was 
justly  regarded  as  a  high  authority.  In  the  year  1870,  he  associated 
himself  in  business  with  Mr.  R.  R.  Tatlock  and  Dr.  John  Clark,  and 
the  partnership,  one  of  the  most  successful  of  the  kind  in  the  country, 
was  carried  on  for  about  18  years.  About  the  same  time  he  was 
appointed  Gas  Examiner  to  the  City  of  Glasgow,  and  four  years  later 
one  of  the  Public  Analysts  for  that  city,  offices  which,  with 
numerous  public  appointments,  he  retained  till  his  death,  which  took 
place  on  the  5th  November,  1888,  at  the  too  early  age  of  56.  For  two 
or  three  years  previous  to  his  decease,  he  suffered  from  declining 
health,  but  his  keen  sense  of  duty  debarred  him  from  taking  the  rest 
his  complaint  required,  and  he  was  able  to  attend  to  his  business 
^vith  comparatively  little  interruption  until  within  a  month  of  his 
decease.  He  was  for  more  than  a  quarter  of  a  century  a  Fellow  of 
the  Royal  Society  of  Edinburgh  and  of  the  Chemical  Society,  and  his 
contributions  to  various  branches  of   applied  chemistry  and  kindred 
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subjects  were  both  numerous  and  valuable.  The  following'  are  the 
more  important  of  these  : — 

"  On  the  Chemistry  of  Sugar  Refining,  with  special  reference  to 
Smear."  "  On  Animal  Charcoal,  pavticularl  j  in  relation  to  its  use  for 
Sugar  Refining."  "  On  the  Chemistry  of  Sugar  Manufacture  and 
Sugar  Refining."  "  On  the  Chemistx-y  of  Sugar  Refining."  "  On  the 
Bone  Charcoal  of  Sugar  Refiners."  "  On  the  Economical  Combustion 
of  Coal-gas."  "  On  the  Bunsen  Burner."  "  On  the  Heating  Power 
of  Coal-gas  of  different  qualities."  "  On  the  Composition  of  a  peculiar 
Wafer."  "  On  the  Conditions  in  which  Sulphur  exists  in  Coal." 
"  On  the  Chemistry  of  Sewage  Precipitation."  "  On  the  Decay  of 
Building  Stones."  "  On  the  Decline  in  the  Use  of  Coffee."  "  On 
some  peculiar  Specimens  of  Pig  Iron." 

Dr.  Wallace  was  a  member  of  the  Philosophical  Society  of  Glasgow 
for  34  years,  and  filled  the  office  of  President  for  three  years,  beginning 
1882.  At  a  meeting  of  that  Society  held  9th  January  last,  a  memoir 
relating  to  his  life  and  work  was  read  by  the  Secretary,  Mr.  John 
Mayer,  F.C.S.,  and  authorised  for  publication  in  Vol.  XX  of  that 
Society's  Proceedings,  and  which  through  the  kindness  of  the 
Secretary  has  been  consulted  in  preparing  this  note. 

John  Williams  was  born  in  London  on  the  9th  of  March,  1824. 
His  father  was  for  many  years  Secretary  of  the  Rojal  Astronomical 
Society,  and  a  prominent  member  of  other  learned  bodies. 

As  a  youth,  the  subject  of  our  notice  entered  the  service  of  the  late 
Mr.  Thomas  Morson,  of  Southampton  Row,  and  while  there  attended 
the  courses  of  instruction  given  in  the  then  newly  established  School 
of  Pharmacy  of  the  Pharmaceutical  Society,  Fownes  being  the  Pro- 
fessor of  Chemistry.  Having  passed  the  necessary  examinations,  he 
became  a  pharmaceutical  chemist,  and,  in  due  course,  a  member  of 
the  Pharmaceutical  Society. 

In  1849,  he  associated  himself  with  Mr.  W.  King  Hopkin  to 
establish  the  firm  of  Hopkin  and  Williams,  and  Mr.  Williams  being  a 
sound  chemist,  the  firm  soon  gained  a  reputation  for  fine  chemicals 
and  chemically  pure  preparations. 

Mr.  Williams  took  considerable  interest  in  the  educational  and 
scientific  work  of  the  Pharmaceutical  Society,  was  for  many  jears  a 
member  of  its  Council,  and  filled  the  offices  both  of  Treasurer  and 
President.  In  1883,  he  was  President  of  the  British  Pharmaceutical 
Conference,  and  at  the  time  of  his  death,  a  Vice-President  of  the 
Society  of  Chemical  Industry.  He  was  also  for  a  time  a  member  of 
Council  of  the  Chemical  Society,  and  one  of  the  original  Fellows  of 
the  Institute  of  Chemistry.  Mr.  Williams  read  many  papers  on 
chemical  subjects  before  the  Pharmaceutical  Society,  Pharmaceutical 


ANNUAL  GENERAL  MEETING.  299 

Conference,  and  the  Chemical  Society,  and  was  always  generous  in 
giving  practical  advice,  and,  when  necessaiy,  pure  specimens  of 
chemical  substances  to  scientific  chemists  engaged  in  original  in- 
vestigations. 

Mr.  Williams  had  been  in  failing  health  for  several  years,  and 
i-etired  from  business  about  a  year  ago.  He  died,  at  his  residence  in 
Warwick  Gardens,  on  the  3rd  of  March,  1889,  within  a  few  days  of  his 
sixty-fifth  year,  and  was  buried  in  Highgate  Cemetery. 
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XXXITI. — Contributions  to  our  Knoivledge  of  the  Isotliiocyanates. 

By  Augustus  E.  Dixon,  M.D.,  Assistant  Lecturer  in  Chemistry, 
Trinity  College,  University  of  Dublin. 

Our  knowledge  of  the  benzylated  derivatives  of  thiocarbamide  is 
very  limited,  and  I  therefore  considered  it  desirable  to  prepare  a 
few  of  these  compounds,  in  order  to  examine  their  chief  properties, 
and  to  fill  in  some  of  the  vacant  places  in  the  series.  Accordingly 
the  first  two  compounds  described  in  this  paper  are  the  symmetrical 
dialkyl  thiocarbamides,  henz ijlethyl-  and  benzylphenyl-thiocarbaniide. 

The  next  three  compounds  {ethylphenylsemithiocarbazide,  acetyl- 
pJienylsemithiocarbazide,  and  benzoylphenylsemithiocarbazide}  are 
liydrazine-derivatives.  Their  preparation  was  undertaken  partly  in 
order  to  ascertain  whether  the  reaction  between  the  thiocarbimides 
and  hydrazines  is  a  general  one,  and  partly  in  order  to  compare  the 
properties  of  the  ethylphenylsemitliiocarbazide  with  those  of  a  meta- 
meric  compound  obtained  and  described  by  Fischer. 

Further,  all  the  compounds  containing  acid  radicles  were  incident- 
ally produced  during  an  investigation  into  the  chemistry  of  the  thio- 
carbimides derived  from  the  acid  radicles  of  acetic  and  benzoic 
acids.  The  substances  thus  obtained  and  described  in  detail  later  on 
are  the  acefylphenyl-  and  benzoylphenyl-semitliiocarbazides  already  men- 
tioned, acetylorfhotolylthiocarbmnide,  and  benzoylethylplienylthiucarb- 
amide,  a  tertiary  derivative  of  thiocarbamide. 

I.  Ethylhenzyltldocarbamide. 

Etliylthiocarbimide  and  benzylamine  in  molecular  proportion  were 
separately  dissolved  in  alcohol.  On  mixing  the  solutions,  much  heat 
was  evolved ;  and  on  evaporating  the  alcohol  at  a  gentle  heat  a  mass 
of  white  crystals  was  obtained,  consisting  of  ethylbenzyWdocarb- 
amide — 

CiHs'XCS  -|-  CsHs'CHo'XHo  =  ^^'^nh-CH°C  H-  ' 

The  yield  is  practically  quantitative. 

When  recrystallised  from  dilute  alcohol,  the  substance  forms  long, 
white,  shining  needles  melting  at  102 — 103°. 
Analytical  data : — 

0'220i  gram,  burnt  with  CuO  and  copper  gauze  in  front,  gave  2?'4  c.c. 
nitrogen  at  14*5°  and  759  mm, 

Or,  N  =  1451  per  cent. 
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0'3030  gram  evapm-ated  to  dryness  with  NaOH  in  a  nickel  crucible 
and  fused,  with  KNO3  gave  0'3G10  gram  BaSO^, 
Or,  S  =  1&'S8  per  cent. 

Calculated  for 

CiuHnN^S.  Experiment. 

N 14  46  14-51 

S 10-51  16-88 

Ethylbenzyltliiocarbamide  is  slightly  soluble  in  boiling  water,  and 
sepai'ates  on  cooling  as  an  oily  liquid,  which  soon  solidifies  to  octa- 
hedral cr^'stals.  It  is  easily  soluble  in  alcohol,  ether,  and  chloroform, 
moderately  soluble  in  benzene,  and  sparingly  in  carbon  disulphide. 

Ammoniacal  nitrate  of  silver  produces  instantly,  in  the  cold,  a  black 
precipitate  of  silver  sulphide;  but  it  is  remarkable  that  the  substance 
is  not  desulphurised  in  either  aqueous  or  alcoholic  solution  by  boiling 
with  alkaline  lead  tartrate.  The  boiling  alcoholic  solution  is  gradu- 
ally desulphurised  by  yellow  oxide  of  mercury,  but  the  product  (a 
solid  substance,  which  consists,  pi-esumably,  of  either  ethylbenzyl- 
carbamide  or  a  cyanamide)  has  not  yet  been  obtained  in  a  sufficiently 
pure  state  for  analysis. 

II.  Pheny  IbenzylUiiocarhamide. 

Pure  benzylamine  was  dissolved  in  about  half  its  volume  of  alcohol, 
and  to  the  solution  was  added  an  alcoholic  solution  of  phenylthiocarb- 
imide  in  the  proportion  demanded  by  the  equation — - 

CcH-NCS  +  CeH-CH/NH,  =  <^^S<xH^c'^'c  H* 

Much  heat  was  developed,  and  fine  rhombic  crystals  almost  imme- 
diately began  to  separate,  some  floating  on  the  surface,  and  rapidly 
growing  to  a  considerable  size.  These  crystals  are  pure  white,  with 
a  greasy  lustre,  and  closely  resemble  thiocarbaraide  in  appearance. 
The  yield  of  crude  substance  amounted  to  94  per  cent,  of  the  theo- 
retical. On  recrystallisation  from  alcohol,  in  which  it  is  moderately 
soluble, phenylheazylthiucarbamide  came  down  in  shining,  white,  short, 
thick  pi'isms,  melting  at  153 — 154°. 

A  sulphur  determination  gave  the  following  result : — 

0-2409  gram  treated  with  ISTaOH    and  KXO3   gave    0-2263  gram 
BaS04, 

Or,  S  =  12-91  per  cent. 
Calculated  for  CuHuN^S,  S  =  13-23 

Tue  substance  is  insoluble  in  water,  soluble  in  alcohol  and  ether,  and 
sparingly  soluble  in  carbon  disulphide.     Ammoniacal  nitrate  of  silver 
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erives  immediately  a  black  precipitate  in  the  cold,  whilst  the  solution 
is  readily  desulphurised  by  boiling  with  alkaline  lead  tartrate,  with 
formation  of  a  speculum  on  the  sides  of  the  tube. 


III.  Ethylphenyhemifhiocarhazide. 

Alcoholic  solutions  of  ethylthiocarbimide  and  phenylhydrazine  were 
mixed  in  quantities  demanded  by  the  equation — - 

CHs-NCS  +  CeH-NH-NH,  =  CS<^lg;^^.^^-g^. 

The  mixture  was  genfly  warmed  until  the  pungent  odour  of  ethyl- 
thiocarbimide had  almost  disappeared.  On  cooling,  crystals  sepa- 
rated. These,  after  being  collected  and  pressed,  formed  a  carroty-red 
mass,  which  on  washing  with  alcohol  became  nearly  white.  The 
crystals  change  colour  I'apidly  in  the  air,  becoming  first  red  and  then 
greenish-blue.  The  crude  product  was  dissolved  in  boiling  alcohol, 
in  which  it  is  very  freely  soluble.  On  cooling,  beautiful  tufts  of 
vitreous  prisms  separated,  forming  a  network  which  penetrated  the 
whole  mass  of  liquid.  After  one  or  two  more  recrystallisations  from 
alcohol,  the  substance  was  found  to  be  sufficiently  yjure  for  analysis. 
Uelting  point  121 — 122°  without  decomposition. 

Analytical  data : — 

0-2353  gram  treated  with  NaOH    and    KXO3  gave  0-2736  gram 
BaSOi, 

Or,  S  =  15-98  per  cent. 

0*1825  gram,  burnt  with  CuO  and  copper  gauze    in  front,  gave 
33-2  c.c.  nitrogen  at  11°  and  763  mm., 

Or,  N^  =  21-76  per  cent. 

Calculated  for 

C9H13N3S.  Experiment. 

N 21-58  21-76 

S 16-42  15-98 

Ethylphenylsemithiocarhazide  when  pure  is  not  discoloured  by  expo- 
sure to  air ;  it  is  almost  insoluble  in  water,  very  easily  soluble  in  hot 
a'cohol,  moderately  in  cold,  soluble  also  in  ether  and  chloroform. 
The  solution  in  alcohol  or  warm  water  gives,  on  addition  of  a  few 
drops  of  ferric  chloride  solution,  a  blood-red  colour,  changing  rapidly 
to  a  deep  blackish-green ;  this  reactiun  is  very  delicate.  Copper 
sulphate  produces  a  bright  grass-green  coloui%  which  is  destroyed  by 
ammonia,  with  production  of  a  black  precipitate.  Ammoniacal  nitrate 
of  silver  produces  a  white,  curdy  precipitate,  which   is  decomposed 
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on  boilins:,  while  a  brilliant  mirror  of  silver  sulphide  separates  out 
on  the  sides  of  the  tube. 

The  melting  point,  as  already  stated,  is  between  121°  and  122°;  it 

is  worthy  of  note  that  a  raetameric   compound,  CS<^^r„  -.y'     ^  tt  > 

obtained  by  Fischer  fi'oni  ])henylthiocarbiiiii(le  and  ethylhydrazine 
(An)i.,  199,  29G),  is  recorded  as  melting  at  1U9— 110''.  An  attempt 
was  made,  by  treating  the  warm  alcoholic  solution  with  mercuric 
oxide,  to  obtain  a  desulphurisation-product,  either — 

The  desulphurisation  is  readily  effected,  but  the  decomposition  pro- 
ceeds further,  and  effervescence  takes  place  with  evolution  of  gas 
containing  carbon  oxysulphide. 

IV.  Acetylphenyhemithiocarhazide. 

Acetylthiocarbimide  and  phenylhydrazine  in  molecular  proportion, 
each  dissolved  in  pure  anhydrous  benzene,  were  mixed  together.  So 
much  heat  was  evolved  that  the  liquid  at  once  began  to  boil  freely, 
and  in  a  few  moments  a  sticky  mass  of  brown,  oily  droplets  fell  to 
the  bottom  of  the  flask,  which  mass  slowly  deposited  crystalline 
matter,  and  as  the  benzene  evaporated,  a  further  quantity  of  solid 
matter  separated.  The  wbole  was  drained  on  the  filter-pump,  the 
residue  pressed  between  folds  of  bibulous  paper,  and  recrystallised 
from  hot  benzene.  The  product  was  washed  with  benzene,  dried,  and 
again  recrystallised  from  boiling  alcohol.  Thus  was  obtained  a  small 
quantity  of  short,  thick,  white  prisms,  melting  at  178 — 179°  without 
decomposition.     The  yield  is  very  small. 

A  sulphur  determination  gave  the  following  result : — 

0-2993  gi-am,  treated  with  NaOH  and  KNO3,  yielded  0-3346  gram 
BaS04, 

Or,  S  =  1-5-36  per  cent. 
Calculated  for  CgHnNaSO,  S  =  15-47 

The  reaction  may  be  represented  thus  :  — 

CH3-C0-NCS  +  CeH-NH-NH,  =  CS<^^;^.2^^^ . 

Aramoniacal  silver  nitrate  solution  gives  a  bulky,  white  precipitate, 
•wdiich  slowly  darkens  on  boiling.  The  substance  is  scarcely 
desulphurised  even  on  continued  boiling  with  alkaline  lead  solution. 
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V.  Benzoylphenylsemithiocarhazide. 

Benzoylthiocarbimide  and  plienyllaj-draziTie  in  molecular  proportion, 
both  largely  diluted  -with  anhydrous  etber,  were  gradually  mixed,  the 
flask  being  cooled  by  immersion  in  water.  The  substances  combined 
with  violent — almost  explosive — action,  and  solid  :^atter  separated 
out  till  the  liquid  became  pulpy.  The  pulpy  mass  was  drained, 
pressed,  and  recrystallised  twice  fi'om  boiling  alcohol,  in  which  it  is 
somewhat  sparingly  soluble.  Thus  purified  the  substance  forms 
tangled  wisps  of  pure  white,  silky  needles,  resembling  asbestos  in 
a])pearance.  It  does  not  melt  at  220°,  and  fails  to  reduce  alkaline 
lead  solution,  even  on  prolonged  boiling. 

Analytical  data : — 

0-3060   gram,  treated    with  NaOH   and  KNO3,  gave  0*2600   gram 

BaS04, 

Or,  S  =  11-68  per  cent. 

0'2225   gram,  burnt   with   CuO  and    copper  gauze  in  front,  gave 
29'6  c.c.  nitrogen  at  13  C.  and  768'5  mm. 
Or,  N  =  16-89  per  cent. 

Calculated  for 

CnHijjlS'aSO.  Experiment. 

N 16-53  15-89 

!S 11-82  11-68 

The  following  equation  reju^esents  the  interaction : — 

CeHs-CO-NCS  +  CeHaNH-NH,  =  CS<J'2;^^2'c  h'* 


YI.  AcetylorthotolylfMocarbainide. 

Acetylthiocarbimide  was  added,  drop  by  drop,  to  a  solution  of 
orthotoluidine  in  anhydrous  alcohol.  Energetic  action  took  place, 
and  solid  matter  separated,  which  was  collected,  dried  with  bibulous 
paper,  and  dissolved  in  boiling  alcohol.  On  cooling,  brilliant  prisms 
separated,  pale  lemon-yellow  in  colour,  and  melting  without  decom- 
position at  184°. 

Analytical  data : — 

0-6400  gram,  on  treatment   with  NaOH  and  KNO3,  gave  0-746G 
gram  BaS04, 

Or,  S  =  16-03  per  cent. 

0-2375   gram,  burnt  with   CuO   and   copper  gauze  in  front,  gave 
27  c.c.  nitrogen  at  10°  C.  and  759  mm. 

Or,  N  =  13-59  per  cent. 
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Calculated  for 
CmHi-iNoSO.  Experiment. 

N 13-48  13-59 

S 1G-G8  16-03 

The  reaction  is  expressed  thus  : — 

The  substance  is  insoluble  in  water,  soluble  in  alcohol.  Silver  nitrate 
nroduces  immediately,  in  the  cold,  a  black  precipitate,  and  the  solution 
is  also  readily  desulphurised  by  boiling  with  alkaline  lead  tartrate. 

VII.  Benzoylplieiiylethyltliiocarhamide. 

Benzoylthiocarbiinide  was  added  to  ethylanilino  diluted  with  a 
little  ether.  Heat  was  evolved,  and,  on  cooling,  the  mixture  solidified 
to  a  pasty  mass  of  yellow  crystals.  These  were  drained,  pressed,  and 
recrystallised  twice  from  alcohol,  from  which  the  substance  separates 
in  well-formed,  pale  lemon-yellow  prisms,  melting  with  decomposi- 
tion at  133—134°. 

Analj'tical  results  : — 

0-2069  giam,    burnt  with   CuO  and   copper  gauze  in  front,  gave 
17-3  c.c.  nitrogen  at  12'"'  C.  and  764  mm. 
Or,  X  =  9-97  per  cent. 

0  2041    gram,  treated  with   NaOH  and   KISTOs,  gave  01780  gram 
BaS04, 

Or,  S  =  11*98  per  cent. 

Calculated  for 
CigHigNoSO.  Experiment. 

N 9-88  9-97 

S 11-28  11-98 

Thus  the  expected  trisubstituted  thiocarbamide  has  been  pro- 
duced : — 

CeH,-CO-NCS  +  CeH5-NH-C,H6  =  CS<™p^-^^^.«^jj^ 

riie  substance  is  insoluble  in  water,  soluble  in  alcohol  and  ether. 
Like  other  trisubstituted  thiocarbamides,  it  shows  itself  veiy  stable 
towards  chemical  reagents.  With  alcoholic  silver  nitrate,  a  white 
pi-ecipitate  is  formed,  soluble  on  warming,  and  coming  down  again  as 
the  solution  cools  ;  this  precipitate  is  not  blackened  by  ammonia,  even 
on  continued  boiling.  Neither  is  the  solution  in  alcohol  desulphurised 
by  boiling  with  alkaline  solution  of  lead. 
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XXXlY.~On  Thiopliosplioryl  Fluoride. 

Ey  T.  E.  Thorpe,   F.R.S.,    and   J.    W.    Rodget?,  Associate   of    the 
Normal  School  of  Science,  S.  Kensington. 

In  a  short  paper  bearing  the  above  title,  published  in  the  Transac- 
tions of  the  Society  during  the  summer  vacation  of  last  year  (Trans., 
1888,  53,  766),  we  announced  the  existence  of  a  new  gaseous  sub- 
stance of  the  formula  PSF3,  to  which  we  gave  the  name  of  thio- 
phosphorijl  fluoride.  The  present  communication  contains  the  results 
of  the  experiments  which  have  served  to  establish  the  nature  and 
composition  of  the  new  compound. 

Arsenic  trifluoride  acts  with  great  violence  on  phosphorus  penta- 
chloride,  with  the  formation  of  phosphorus  pentafluoride  and  arsenic 
trichloride  (Thorpe,  Proc.  Roy.  Soc,  25, 122).  Phosphorus  trichloride 
mixes  with  arsenic  trifluoride,  and  on  gently  warming,  the  mixture 
evolves  the  gaseous  phosphorus  trifluoride  (Moissan,  Ann.  Chim. 
Phy.<^.  [6],  6,  433). 

The  behaviour  of  thiophosphoryl  chloride  with  arsenic  trifluoi'ide  is 
however  \erj  different.  If  arsenic  trifluoride  is  dropped  into  pho>J- 
phorns  thiochloride  in  the  cold,  or  if  a  mixture  of  the  two  compoumls 
is  boiled  under  ordinary  pressures,  no  action  takes  place.  When, 
however,  the  mixture  is  heated  in  a  sealed  glass  tube  at  l^^O", 
arsenious  sulphide  separates,  and  on  cooling  and  opening  the  tube 
considerable  quantities  of  gas  are  evolved.  The  nature  of  the  gaseous 
product  varies  with  the  relative  proportions  of  the  arsenic  fluoride 
and  phosphorus  thiochloride.  If  the  reacting  substances  are  heated 
in  the  proportions  demanded  by  the  equation — 

AsFs  +  PSCI3  =  AsCl,  +  PSF3, 

analysis  shows  that  about  ^th  of  the  gas  pj'oduced  consists  of  thio- 
phosphoryl fluoride,  the  remainder  being  made  up  of  the  fluorides  of 
phosphorus  and  silicon.  As  the  amount  of  the  thiophosphoryl 
chloride  is  increased  relatively  to  that  of  the  arsenic  fluoride,  lai'ger 
proportions  of  phosphorus  thiofluoride  are  produced,  until  when 
four  equivalents  of  thiophosphoryl  chloride  are  used  to  one  equivalent 
of  arsenic  fluoride,  the  gas  evolved  is  spontaneously  ivjlammahle,  and 
exhibits  in  general  the  characteristic  features  of  the  pure  thio- 
phosphoryl fluoride.  It  was  found  impossible,  however,  to  entirely 
prevent  the  formation  of  silicon  tetrafluoride  and  phosphoi'us  tri- 
fluoride by  this  means,  and  although  our  subsequent  experience  with 
the   gas    has    enabled    us    to   devise  a    method  for   separating  these 
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oompounds  from  thiophosphoryl  fluoride,  it  waa  evident  from  the 
relatively  large  quantity  of  arsenious  sulphide  invariably  produced, 
that  the  method,  even  apart  from  the  manipulative  difficulties  of 
working  with  sealed  tubes  containing  gas  under  pressure,  was  neither 
a  convenient  nor  an  economical  mode  of  preparing  the  new  substance. 
If  arsenic  trifluoride  is  heated  with  phosphorus  pentasulphide  in  a 
sealed  glass  tube,  the  gas  evolved  consists  mainly  of  silicon  tetra- 
fluoride.  Lead  fluoride,  however,  readily  reacts,  on  heating  it  with 
phosphorus  pentasulphide,  producing  thiophosphoryl  fluoride  in  con- 
siderable quantity — 

RSs  +  3Pbr,  =  SPbS  +  2PSF3. 

A  mixture  of  red  phosphorus,  sulphur,  and  lead  fluoride  also  gives 
rise  to  thiophosphoryl  fluoride,  but  if  the  materials  are  used  in  the 
proportions  required  by  the  above  equation,  the  reaction  is  extremely 
violent.  It  may,  however,  be  moderated  by  using  a  large  excess  of 
lead  fluoride.  The  mixture  should  bo  placed  in  a  thin  layer  in  a, 
glass  tube  of  narrow  bore  and  which  is  gradually  heated  from  behird 
forwards,  so  that  the  gaseous  product  as  it  is  formed  passes  over  the 
cold  anterior  portions  of  the  tube  and  materials. 

Bismuth  trifluoride  may  be  used  instead  of  lead  fluoride  in  the  re- 
action, but  in  this  case  a  brass  tube  must  be  employed,  as  the 
temperature  at  which  the  gas  is  evolved  is  considerably  higher,  and 
large  quantities  of  phosphorus  trifluoride  are  apt  to  be  simultaneously 
formed. 

On  the  whole,  we  found  that  the  most  convenient  method  is  to  heat  a 
mixture  of  lead  fluoride  and  phosphorus  pentasulphide,  but  in  ordt  r 
that  the  gas  shall  be  obtained  pure,  certain  precautions  are  abso- 
lutely necessary.  Thiophosphoryl  fluoride  is  readily  altered  by  con- 
tact with  air  and  moisture :  hence  it  is  necessary  that  the  materials 
should  be  perfectly  anhydrous,  and  that  every  trace  of  free  oxygen 
should  be  absent.  Moreover,  as  the  gas  is  readily  decomposed  by 
heat,  it  is  desirable  that  it  should  be  produced  at  the  lowest  possible 
temperature.  The  best  method  of  procedure  is  as  follows  :  A 
quantity  of  freshly  prepared  phosphorus  pentasulphide,  made  from 
washed  and  perfectly  dry  amorphous  phosphorus  and  powdered  roll 
sulphur,  is  quickly  pounded  with  the  requisite  quantity  of  pure 
freshly  fused  lead  fluoride,  and  the  mixture  is  placed  in  a  thin 
unifoi-m  layer  in  a  dry  leaden  or  "  composition  "  tube,  open  at  both 
ends.  One  end  of  the  tube  is  fitted  with  a  caoutchouc  cork  and  glass 
delivery  tube,  whilst  the  other  is  attached  to  an  apparatus  yielding  a 
supply  of  pure  dry  nitrogen.  The  air  within  the  tube  is  rapidly 
swept  out  by  the  dry  nitrogen,  and  the  tube  is  gently  heated  in  order 
to  get  rid  of  any  sulphuretted  hydrogen  produced  by  the  action  of 

z  2 
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afcniosplieric  moisture  on  the  phosphortis  pentasulphide.  When  the 
tube  is  completely  filled  with  nitrogen,  the  current  of  this  gas  is 
stopped  and  the  leaden  tube  is  heated  from  behind  forwards  by  a 
small  Bunsen  flame.  The  reaction  begins  at  about  170°,  and  as  it  is 
advisable  to  keep  the  temperature  as  low  as  possible  consistent  with 
the  production  of  the  gas,  it  shonld  not  exceed  260".  The  gas  is 
collected  over  dry  mercury  and  may  be  stored  in  a  glass  gas-holder. 
The  gas-holder  should  contain  a  few  fragments  of  quicklime,  the 
pores  of  which  should  be  freed  from  air  by  passing  small  quantities 
of  dry  nitrogen  into  the  gas-holder  and  repeatedly  exhausting  by 
nif^ans  of  the  Sprengel  pump.  The  thiophosphoryl  fluoride  is  not 
allowed  to  pass  into  the  holder  until  a  sample  is  wholly  absorbed  by 
a  dilute  solution  of  potash  or  ammonia.  In  order  to  get  rid  of  the 
small  quantity  of  nitrogen  adhering  to  the  lime,  as  soon  as  two  or 
three  cubic  centimetres  of  gas  have  entered  the  holder,  the  latter  is 
connected  with  the  Sprengel  pump  and  the  gas  and  nitrogen  sucked 
out,  this  operation  being  repeated  twice  or  thrice.  The  rest  of  the 
gas  is  passed  into  the  holdei',  and  after  standing  for  a  day  or  so  over  the 
lime,  which  removes  the  phosphorus  fluoride  and  any  traces  of  silicon 
ittrafluoride,  is  pure  thiophosphoryl  fluoride. 

Determination  of  Vapour-density. — A  bulb  of  about  240  c.c.  capacity 
ami   litted  with  tubes  and  stopcocks,  as  seen  in  Fig.  1,  after  being 

Fig.  1. 
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cleaned  and  weig-hed,  is  placed  in  a  bath  of  water  and  filled  with  dry 
nitrogen.  The  bulb  is  then  connected  with  a  small  mercury  ^as- 
liold(-r,  containing  thiophosphoryl  fluoride,  made  and  purified  as 
above  described,  and  the  nitrogen  is  slowly  displaced  from  below 
upwards  by  the  thiophosphoryl  fluoride.  Tlie  exit-tube  of  the  bulb 
is  attached  to  a  piece  of  glass  tubing,  which  dips  a  short  way  under 
mercury,  so  as  to  cut  off  the  direct  connection  with  the  air.  'J'ho 
bulb  is  immersed  in  the  bath  nearly  to  the  level  of  the  st()j)cocks,  ami 
a  current  of  cold  water,  carrying  with  it  a  stream  of  aii'-bubbles.  is 
allowed  to  enter  at  the  bottom  of  the  bath,  and  flow  away  at  an  open- 
ing near  the  top.  The  stream  of  air-bubbles  is  snfficiently  strong  to 
keep  the  mass  of  the  water  in  circulation,  and  thus  tends  to  render 
the  bath  of  uniform  temperature.  When  all  the  gas  has  passed  over, 
the  cocks  of  the  bulb  are  turned,  the  tube  dipping  under  the  mercury 
removed,  one  cock  momentarily  opened  to  equalise  the  pressure,  and 
the  tem])erature  of  the  bath  and  the  height  of  the  barometer  noted. 
The  dried  bulb,  after  standing  in  the  balance-case  for  about  an  hour, 
is  then  re-weighed. 

To  determine  the  amount  of  the  residual  nitrogen,  the  entry-tube 
of  the  bulb  (both  stopcocks  being  closed)  is  connected  by  means  of 
caoutchouc  tubing  with  a  large  burette  containing  a  dilute  solution  of 
pure  caustic  potash.  The  potash  is  caused  to  till  the  caoutchouc  tube 
and  the  entry-tube  of  the  bulb  up  to  the  stopcock.  The  stopcock  is 
next  opened  and  the  potash  allowed  to  enter  the  bulb.  The  gas  is 
slowly  ab.sorbed,  the  bulb  being  meanwhile  immersed  in  a  vessel  of 
water  at  a  constant  temperature.  When  the  absorption  is  complete 
and  the  contents  of  the  bulb  are  brought  to  the  temperature  of  the 
water,  the  levels  of  the  liquid  in  the  bulb  and  burette  are  equalised, 
and  the  burette  reading  taken.  The  burette  is  then  raised,  and  the 
stopcock  of  the  exit-tube  of  the  bulb  is  carefully  opened.  The  level 
of  the  potash  solution  within  the  bulb  rises  until  it  reaches  the  stop- 
cock, which  is  then  closed,  when  the  levels  are  again  equalised  and  a 
second  reading  on  the  burette  taken.  The  difference  betw^een  the  two 
readings  gives  directly  the  volume  of  the  residual  nitrogen  at  the 
temperature  of  the  bath  and  under  the  atmospheric  pressure. 

The  details  of  two  experiments  carried  out  in  this  way  are  as 
follows  :  — 
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I. 

Capacity  of  bulb  at  15-8°  and  776  mm 239-86  c.c. 

Weight  of  bulb  in  air  at  17"1°  and  771  mm..  .  59"7543  grams. 

Weight  of  bulb  in  air  at  170°  and  771  mm. 
filled  with   gas    and   residual    nitrogen   at 

10-7°  and  771  mm 60-3954      „ 

Volume   of   residual    nitrogen   at  11  3°    and 

771  mm 789  c.c. 

Reduced  weight  of  gas  and  residual  nitrogen  0-9372  gram. 

Weight  of  nitrogen 0-0964       „ 

Weight  of  thiophosphorjl  fluoride 0-8408       „ 

Volume  of  gas  +  residual  nitrogen  at  0°  and 

760  mm 23415  c.c. 

Volume  of  residual  nitrogen  at  0°  and  760  mm.  76-86  c.c. 

Volume  of  thiophosphorjl  fluoride 157-29    „ 

157"29  c.c.  of  thiophosphorjl  fluoride  weigh  .  0-8408  gram. 

1000  c.c.  of  thiophosphorjl  fluoride  weigh.  .  .  5-3455      „ 

Vapour-densitj  (H  =  1)  =  59-66. 

II. 

Capacity  of  bulb  at  15-8°  and  776  mm 239-86  c.c. 

Weight  of  bulb  in  air  at  15-6°  and  778  mm.. .  59-7282  grams 
Weight  of  bulb  in  air  at  15-1  and  778  mm. 
filled  with    gas    and    residual  nitrogen  at 

7-7°  and  778  mm 60-5274      „ 

Volume    of    residual    nitrogen    at    9'6°    and 

777  mm 434  c.c. 

.    Reduced  weight  of  gas  and  residual  nitrogen  1-0995  gram. 

Weight  of  nitrogen 00538       ,, 

Weight  of  thiophosphorjl  fluoride 1-0457      ,, 

Volume  of  gas  +  residual  nitrogen  at  0°  and 

760  mm 238-81  c.c. 

Volume  of  residual  nitrogen  at  O""  and  760  mm.  42-86    ,, 

195-95    „ 

195-95  c.c.  of  thiophosphorjl  fluoride  weigh  .  1-0457  gram 

1000  c.c.  of  thiophosphoryl  fluoride  weigh.  . .  5-3355       ,, 

Vapour-density  (H  =  1)  =  59-56. 

The  calculated  vapour-density  of  PSF3  is  600. 


THORPE   AND    RODGER   ON   THIOPHOSPHORYL   FLUORIDE.      311 

Analysis  of  Thiophosphoryl  Fluoride. — The  solution  of  tlic  gas  in  the 
dilute  potash  was  transferred  to  a  500  c.c.  measaring  flask,  and  the 
bulb  carefully  washed  out  and  bromine- water  added  to  the  liquid 
until  the  colour  persisted  after  repeated  shaking,  when  the  solution 
was  diluted  to  the  mark.  In  order  to  determine  the  sulphur,  an 
aliquot  portion  of  the  solution  was  aciditied  with  hydrochloric  acid 
and  mixed  with  barium  chloride  and  the  barium  sulphate  weighed. 
To  obtain  the  amount  of  phosphoruii,  a  second  aliquot  portion  of  the 
liquid  w^as  treated  with  ammonium  molybdate  solution  in  the  usual 
manner,  and  the  precipitate  converted  into  magnesium  ammonium 
jiliosphate  and  Aveighed  as  pyrophosphate.  The  results  were  as 
follows  : — 

I.  One-fifth    of    a   solution    containing    08408    gram    of   gas    gave 
0"3223  gram  barium  sulphate. 
A  second  fifth  gave  0"1557  gram  magnesium  pyrophosphate. 
II.  One-fifth    of    a    solution    containing    1'0457    gram    of   gas    gave 
0'3992  gram  barium  sulphate. 
A  second  fifth  gave  0"1924  gram  magnesium  pyrophosphate. 

Found. 

Calculated  for  ^ * -^ 

PSF3.  I.  II. 

Phosphorus 25-83  25-85         25-69 

Sulphur 2G-G6  26-32        26-22 

Fluorine    47-5 1  —  — 
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Properties  of  TliiophospTioryl  Fluoride. — At  ordinary  temperatures 
thiophosphoiyl  fluoride  is  a  transparent,  colourless  gas,  which,  under 
the  application  of  about  10  to  11  atmospheres  pressure,  condenses  to 
a  colourless  liquid.  Neither  the  gas  nor  the  liquid  acts  to  any  appreci- 
able extent  on  dry  glass  at  ordinary  temperatures.  In  air  or  oxygen 
the  gas  is  spontaneously  inflammable,  and  its  oxidation  products  have 
a  disagreeable,  irritating  smell,  in  which  that  of  sulphur  dioxide  can 
readily  be  detected.  Under  the  action  of  heat  or  the  electric  spark 
the  gas  is  readily  decomposed,  with  the  separation  of  sulphur  and 
phosphorus  and  the  formation  of  phosphorus  fluorides.  If  the  decom- 
position be  effected  in  a  glass  tube  heated  to  a  sufficiently  high 
temperature,  the  gaseous  product  eventually  consists  entirely  of 
silicon  tetrafluoride. 

Thiophosphoryl  fluoride  has  no  action  on  mercury,  oil  of  vitriol, 
carbon  bisulphide,  or  benzene.  In  ether,  it  is  soluble  to  some  extent, 
and  the  solution  burns  with  a  greenish  flame.  The  gas  is  not  readily 
dissolved  by  water,  and  dilute  solutions  of  potash,  soda,  and  ammonia 
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dissolve  it  only  with  comparative  slowness.  It  unites  with  gaseous 
ammonia  to  foi-m  a  white  solid,  and  is  completely  absorbed  by  peroxide 
of  lead.  If  passed  over  gently  heated  sodium  the  metal  takes  fire, 
and  burns  with  a  red  flame,  and  the  residual  mass  in  presence  of 
water  evolves  spontaneously  inflammable  phosphuretted  hydrogen. 

As  certain  of  these  reactions  are  of  considerable  interest,  we  have 
studied  them  in  detail. 

Ac.t.io7t  of  Air  on  Thiophosphorijl  Fluoride. — In  contact  with  air,  pure 
thiophosphoryl  fluoride  is  speedily  decomposed,  the  nature  of  the 
appearances  attending  the  decomposition  varying  to  a  great  extent 
with  the  conditions  under  which  the  admixture  takes  place. 

If  a  very  slow  stream  of  the  pure  gas  be  allowed  to  issue  from  a 
narrow  platinum  jet  into  the  air,  a  white  fume  is  instantly  formed. 
No  indication  of  flame  is  evident  in  daylight  if  the  stream  is 
sufliciei.tly  slow,  but  in  the  dark,  the  white  fume  is  seen  to  be 
traversed  in  the  vicinity  of  the  jet  by  a  blue,  flickering  flame.  On 
increasing  the  current  of  the  issuing  gas  the  blue,  flickering  flame 
becomes  more  pronouoced,  and  eventually  travels  back  to  the  oridce 
of  the  jet,  and  ignites  the  stream.  If  the  supply  of  gas  is  maintained, 
the  gas  continues  to  burn,  giving  ofE  copious  white  fumes.  The  flame 
is  greyish-green  in  colour,  and  is  tipped  with  a  faintly  luminous  dull 
yellow  portion,  a  light-blue  zone  occurring  close  to  the  platinum  jet. 

If,  instead  of  allowing  the  gas  to  issue  from  a  jet,  a  considerable 
bulk  be  suddenly  permitted  to  come  in  contact  with  the  air,  the 
appearance  is  considerably  modified.  When  the  delivery  tube  of  an 
apparatus  in  which  the  gas  is  being  generated  dips  beneath  the 
surface  of  mercury,  and  is  surrounded  by  a  piece  of  wide  glass 
tubing  about  6  inches  long,  open  top  and  bottom,  and  with  its  lower 
end  under  the  mercury,  the  wide  tube  becomes  gradually  filled  with 
the  gas,  which  is  prevented  from  combining  rapidly  with  the  oxygen 
of  the  air  by  a  layer  of  decomposition  products  formed  from  the  first 
bubbles  of  the  gas  which  entered  the  tube.  When  the  tube  is  nearly 
tilled  with  the  gas,  which  may  be  ascertained  by  noting  the  position 
of  the  layer  of  fume  which  roughly  indicates  the  line  of  separation  of 
the  gas  and  air,  on  lifting  its  lower  end  out  of  the  trough  the  gas 
quickly  falls  down  on  to  the  surface  of  the  mercury,  combination 
rapidly  takes  place,  accompanied  first  of  all  by  a  beautiful  blue  flardi 
of  light  followed  by  the  greyish-green  flame  observed  in  the  case  of 
a  jet  of  the  gas.  The  shape  of  the  flame  indicates  that  the  gas  has 
spread  itself  for  a  considerable  way  over  the  surface  of  the  mercury 
before  combination  ensues.  If  the  layer  of  fume  be  allowed  to  rise 
above  the  top  of  the  tube,  the  gas  is  no  longer  protected  from  the 
action  of  the  air,  and  takes  fire  from  above  and  burns  with  the  greyish- 
green  flame. 
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The  action  of  air  upon  tliidpliosplioryl  fluoride  may  be  furtlici- 
illustrated  by  rapidly  mixing  a  small  quantity  of  the  gas  contained 
in  a  glass  vessel  with  a  large  excess  of  air.  For  tins  purpose  a  smiiU 
glass  gas-holder  provided  with  a  stopcock  at  the  top  and  tubulns  at 
the  bottom  is  filled  with  mercury  and  placed  in  the  trough,  the  tubulus 
being  open,  and  a  few  cubic  centimetres  of  the  gas  are  next  introduced. 
If  the  cock  is  now  opened  the  mercury  falls,  and  air  rapidly  entci-.s 
the  gas-holder.  White  fumes  are  at  once  formed,  and  increase  in 
quantity  with  the  amount  of  air  until,  when  a  certain  volume  has 
been  introduced,  a  sharp  explosion  takes  place  accompanied  by  light 
and  heat,  and  the  mercury  is  forcibly  ejected  from  the  cylinder. 

Action  of  Oxygen  on  Thiephosphoryl  Fluoride. — When  a  quantity  of 
thiophosphoryl  fluoride  is  passed  into  a  confined  volume  of  oxygen 
contained  in  a  eudiometer  standing  over  mercury,  the  fluoride,  being 
about  four  times  heavier  than  the  oxygen,  collects  on  the  surface  of 
the  mercury,  and  burns  quietly  with  a  yellow  flame,  and  a  white 
fume  is  produced  which  quickly  settles  on  the  .sides  of  the  eudiometer. 
If  the  oxygen  is  passed  into  the  gas,  combination  is  more  rapid,  and 
a  much  denser  deposit  settles.  When,  however,  the  gas  is  gradually 
passed  into  the  oxygen,  that  is,  in  a  slow  stream  of  small  bubbles,  the 
behaviour  of  the  two  gases  is  considerably  altered.  The  first  few- 
babbles  on  reaching  the  oxygen  inflame,  giving  a  blue  flash  of  light. 
As  oxidation  products  collect  on  the  surface  of  the  mercury,  more 
bubbles  may  be  added  without  any  signs  of  combination  until  when 
a  certain  amount  of  gas  has  accumulated  in  the  oxygen,  a  bright-yellow 
flash  is  seen  to  traverse  the  gaseous  mixture,  and  is  followed  by  a 
smart  detonation.  On  adding  more  of  the  fluoride,  a  second  detona- 
tion may  be  obtained  either  spontaneously  or  by  increasing  the 
pressui'e  of  the  mixture.  As  a  rule,  a  third  explosion  cannot  be 
obtained  either  by  agitating  the  gases  or  by  increasing  the  pressure 
on  them,  even  although  oxygen  may  still  be  in  excess.  Dry  oxygen 
and  thiophosphoryl  fluoride  may  in  fact  exist  together  in  presence  of 
a  sufficient  quantity  of  oxidation  products,  apparently  without  inter- 
action, provided  all  traces  of  moisture  are  caretully  excluded  from  the 
mixture.  If  lead  fluoride  is  heated  with  phosphorus  pentasulphide 
which  has  been  kept  in  a  bottle  for  some  time,  with  no  special  pains  to 
exclude  air  from  the  apparatus,  gas  is  evolved  which  can  be  mixed 
with  excess  of  dry  oxygen  without  the  slightest  change  taking  place, 
even  when  the  eudiometer  is  gently  heated.  The  mixture,  however, 
at  once  inflames  on  exposure  to  the  air.  That  it  is  the  moisture  in  the 
air  which  serves  to  start  the  reaction  is  proved  by  the  fact  that  on 
passing  fragments  of  blotting-paper  moistened  with  water  into  the 
mixture  of  gas  and  oxygen  their  explosive  union  instantly  follows. 

These  facts  render   it    difficult    to    experimentally    determine    the 
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exact  chemical  nature  of  the  action  of  oxygen  upon  the  gas.  We 
have,  however,  made  the  attempt.  A  measured  quantity  of  thio- 
])hosphoryl  fluoride  was  passed  into  a  small  graduated  tube  contain- 
ing a  known  volume  of  dry  oxygen  gas  (from  three  to  five  times  the 
volume  of  the  fluoride)  standing  over  mercury.  After  combination 
had  taken  place,  and  it  had  been  ascertained  that  all  the  thiophos- 
phoryl  fluoride  had  been  oxidised,  the  apparatus  was  allowed  to  cool 
down  to  the  temperature  of  the  air,  and  the  volume  of  the  mixed  gases 
was  determined.  These  were  then  treated  either  by  lead  peroxide  or 
by  a  strong  solution  of  potash,  which  absorbs  the  products  of  combus- 
tion ;  the  residual  gas  is  pure  oxygen,  and  its  volume  represents  the 
amount  which  has  taken  no  part  in  the  reaction.  The  original 
volume  of  the  oxygen  and  of  the  thiophosphoryl  fluoride,  together 
with  the  volume  of  the  products  and  of  the  residual  oxygen  being 
known,  it  is  easy  to  calculate  the  amount  of  oxygen  which  is  required 
to  oxidise  a  definite  volume  of  the  gas  as  well  as  the  volume  of  the 
products  formed  and  the  contraction  which  has  ensued. 

From  the  mode  in  which  the  thiophosphoryl  fluoride  is  passed  into 
the  oxygen  it  is  difficult  to  introduce  it  in  a  uniform  stream,  but 
when  this  is  effected  the  first  bubbles  of  gas  take  fire  and  the  rest 
explodes  as  already  described ;  im  such  cases  the  amount  of  oxygen 
used  and  the  amount  of  products  formed  are  always  greater  than 
when  the  gas  is  passed  up  in  quantity  and  burned,  either  entirely  or 
in  part,  without  explosion. 

The  results  obtained  are  as  follows  ;  for  the  sake  of  simplicity  the 
ratios  only  of  the  volumes  are  given  : — 

Actiim  of  Oxyijen  on  PSF3. 


No.  of 
expt. 


I   .. 
II   .. 

III  .. 

IV  .. 

\a  .. 

\b  .. 
YI  .. 


Gas. 


Products 
formed. 


Gas  has  stood  over  hme  ;  part 

burns ;  part  explodes  . . . . 
Same    gas    as   I ;    all    burLs 

quietly    

Gas  made  in  "  compo  "  tube ; 

part  burns  ;  part  explodes. 
Same  gas  as  III ;  all  explodes 
Same  gas  ;  all  explodes  but 

one  little  bubble 

Products  of  \a  are  sparked  ; 

bubble  is  thus  combined . . 
Same    gas.       Eudiometer    is 

heated  by  bunsen 


1  1 

1  1 

1  1 

1  1 

1  1 

1  1 

1  1 


535 
433 

372 

492 

596 
444 
39 


Oxygen 

used. 


29 

143 

219 
259 

209 

209 

096 


Contrac- 
tion. 


0  voo 

0-7105 

0 -8457 
0/675 

0  -6126 

0  -7649 

0-71 


Eejectiug  VI,  as  in  that  case  the  tube  was  heated,  and  Ya,  as  the 
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little  bubble   of  gas   evidently  did   not   combine  spontaneously,  and 
only  did  so  in  passing  the  electric  spark,  V6,  the  values  are — 


Gas. 

Pro- 
ducts. 

Oxjgen. 

Contrac- 
tion. 

r,           Pro- 
Cms.      ,      ^ 
ducts. 

Oxygen. 

Contrac- 
tion. 

I 

11 

Ill 

1 

1-53 
1-43 
1-37 
1-50 
1-44 

1-45 

1-29 
114 
1-22 
1-26 
1-21 

1-22 

0-75 
0-71 
0-85 
0-77 
0-76 

0-76 

4 
4 
4 
4 

4 

4 

014 
5-73 
5-'J9 
5-97 

5-78 

5-82 

516 
4  57 

4  88 
5-04 

4-84 

4-90 

3  05 

2-84 
3-38 

IV 

3  07 

Yi 

3  06 

Mean  values . . 

3  07 

Rejecting  Ill- 
Mean  A'alues . .  I    1 


1-475  I     1-225  I     0-747 


5-905  I     4-903  i     3  00 


These  results  are  not  very  concordant,  and  the  reason  of  their  dis- 
crepancy will  be  evident  from  what  follows.  The  numbers,  however, 
at  once  serve  to  show  that  the  reaction  between  thiophosphoryl  fluoride 
and  oxygen  is  not  in  accordance  with  the  equation — 

PSFa  +  0,=  POFa  +  SO,. 

In  this  equation,  5  vols,  of  mixed  gases  condense  to  form  4  vols,  of 
products ;  the  contraction  being  one- fifth  of  the  initial  volume. 

The  numbers  on  the  whole  tend  to  show  that  4  vols,  of  gas  require 
5  vols,  of  oxygen  and  give  6  vols,  of  gaseous  products  with  a  con- 
traction of  3  vols.,  but  it  will  be  observed  that  certain  of  the  experi- 
ments differ  considerably  from  these  values.  What  probably  takes 
place  is,  that  a  portion  of  the  gas  is  acted  upon  by  oxygen  thus  : — 

PSFa  +  O,  =  PF3  +  SO,, 

and  that  at  the  high  temperature  the  phosphorus  trifluoride  is  con- 
verted partly  into  phosphoryl  fluoride  and  partly  into  phosphorus 
pentafluoride  in  the  manner  already  indicated  by  Moissan  : — 

5PF3  +  05  =  3PF5  +  P,Oi, 
PF3  +  0    =  POF3, 

the  ratio  of  these  products  being  dependent  upon  the  conditions 
under  which  the  reaction  takes  place. 

As  phosphorus  pentoxide  and  sulphur  dioxide  are  unquestionably 
products  of  the  action  of  oxygen  upon  the  gas,  the  reaction  in  all 
probability  tends  towards  the  equation — 

6PSF3  +  0,5  =  3PF5  -f  P2O5  +  5S0,, 

■which  implies  that  4  vols,  of  the  gas  require  6  vols,  of  oxygen  and 
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yield  6'4  vols,  of  products.  If  a  portion  of  thiophosphorjl  fluoride 
was  decomposed  only  into  the  trifluoride  and  sulpliur  dioxide,  which 
is  highly  probable,  less  oxygen  would  be  needed  and  a  less  volume  of 
combustion  products  would  be  obtained,  which  is  exactly  what  is 
observed.  It  is  noteworthy  that  in  all  cases  in  which  the  decomposi- 
tion took  place  with  violent  explosion,  that  is,  at  a  high  temperature, 
the  amount  of  oxygen  used  and  the  volume  of  combustion  products 
formed  was  greatest. 

On  introducing  a  flame  of  thiophosphoryl  fluoride  burning  in  air 
into  an  atmosphere  of  oxygen,  the  flame  becomes  reduced  in  size  and 
much  more  luminous.  Its  colour  changes  from  greyish-green  to 
bright  yellow,  and  dense,  white  fumes  are  given  off.  The  solution  of 
the  products  formed  smells  strongly  of  sulphur  dioxide,  and  gives  the 
reactions  of  phosphoric  acid. 

In  some  respects  the  behaviour  of  thiophosphoryl  fluoride  witli 
oxygen  resemlales  that  of  phosphorus  trifluoride  as  observed  by 
Moissan.  Moissan  found  that  a  strong  spark  was  necessary  to  effect 
the  union  of  the  trifluoride  with  oxygen,  and  that  in  presence  of  an 
excess  of  oxygen,  which  acts  as  an  inert  gas,  the  explosion  was  not 
produced.  When  the  amount  of  oxygen  was  double  that  necessary 
to  produce  the  oxyfluoride,  the  two  gases  only  combined  by  the  pro- 
longed action  of  the  spark  without  detonation  or  incandescence. 
Moissan  also  found  that  a  mixture  of  1  vol.  of  the  trifluoride  with 
half  a  volume  of  oxygen,  which  detonated  violently  on  passing  a 
sufficiently  strong  electric  spark,  did  not  ignite  by  contact  with  an 
ordinary  gas  flame.  The  temperature  was  not  sufficiently  high  to 
effect  the  combination.  On  bringing  the  oxy hydrogen  flame  in 
contact  with  the  mixture  contained  in  a  wide  tube,  combustion  was 
produced  and  the  flame  descended,  but  without  explosion,  to  the 
bottom  of  the  tube.  These  experiments  show  that  the  oxyfluoride  is 
only  produced  at  a  relatively  high  temperature,  and  serve  to 
strengthen  the  improbability  that  this  gas  is  formed  at  all  events  in 
any  large  quantities  during  the  combustion  of  thiophosphoryl  fluoride 
in  air  or  in  oxygen. 

Thiophosphoryl  fluoride  cannot  be  burned  with  .safety  from  a  jet  in 
a  closed  apparatus  through  which  a  current  of  dry  air  or  oxygen  is 
passinof.  The  flame  is  liable  to  be  extinguished  by  a  current  of  air 
or  oxygen  sufficiently  powerful  to  carry  over  the  products  into  the 
absorption-tubes.  As  a  rule,  the  gas  speedily  relights  itself,  but  not 
before  sufficient  unburnt  gas  has  escaped  to  form  a  spontaneously 
explosive  mixture.  We  made  two  attempts  to  burn  the  gas  in  a 
closed  space,  and  in  each  case  the  apparatus  was  shattered  by 
explosion. 

These  experiments  on  the  behaviour  of  thiophosphoryl  fluoride  in 
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contact  with  air  or  oxygen  are  interesting  as  illustrating  the  extreme 
instability  of  the  gas.  Its  ignition  temperature  is  evidently  very 
low,  and  a  very  slight  alteration  of  the  eonditions  under  whieh  it  is 
presented  to  oxygen  serves  to  determine  whether  the  heat  evolved  by 
the  spontaneous  combination  of  a  part  of  the  gas  suffices  to  ignite 
the  remainder.  On  allowing  a  slow  stream  of  the  pure  gas  to  issue 
into  the  air  from  a  narrow  jet,  combination  is  seen  to  take  place,  but 
it  is  only  when  the  current  is  increased  that  the  rise  of  temperature 
is  sufficient  to  ignite  it.  The  cooling  action  of  the  air  is  sufficient  to 
prevent  any  flame.  Even  when  a  considerable  volume  of  the  gas  is 
poured  out  into  the  aii-,  an  appreciable  lapse  of  time  occurs  before 
the  temperature  from  the  heat  of  combination  is  high  enough  to 
ignite  the  rest  of  the  gas.  We  have  on  several  occasions  partially 
filled  the  empty  space  in  a  mercury  trough  with  the  gas  without  any 
flaine  resulting,  but  on  gently  blowing  upon  the  mixture  the  whole 
has  immediately  ignited.  Small  quantities  of  indifferent  gases 
griatly  influence  the  temperature  of  ignition,  and  in  some  cases,  as 
ill  the  experiments  with  oxygen,  entirely  prevent  the  spontaneous 
oxidation  of  the  gas.  If  the  amounts  of  the  diluent  substances  are 
considerable,  the  mixture  of  oxyg'en  and  thiophosphoryl  fluoride  may 
be  subjected  to  a  relatively  high  temperature  without  appreciable 
change.  On  sending  an  excess  of  the  fluoride  into  a  confined  volume 
of  air,  partial  combination  at  once  ensues,  but  even  on  pa.ssing 
eiectj-ic  sparks  through  the  mixture  for  some  time,  oxygen  still  exists 
uncombined.  If  the  amount  of  the  indifferent  gas  is  small,  a  very 
slight  cause  will  determine  the  explosive  union  of  oxygen  and  thio- 
phdsphoryl  fluoride;  thus,  if  the  mixture  be  shaken,  or  if  its  tension 
be  suddenly  increased,  combination  at  once  ensues  with  explosion. 
The  mixture  may  also  be  detonated  by  bringing  a  drop  of  water  into 
it.  Gas  containing  a  slight  admixture  of  the  products  of  combustion 
may  issue  into  the  air  in  a  rapid  stream  with  no  appearance  of  flame, 
but  if  a  test-tube  containing  warm  water  is  held  in  the  current  it  is 
ignited;  on  withdrawing  the  warm  tube,  the  flame  is  at  once 
extinguished,  but  reappears  when  the  tube  is  again  brought  into  the 
stream. 

As  might  be  expected  from  the  low-ignition  temperature,  and  from 
the  ease  with  which  the  flame  is  extinguished,  its  temperature  is  very 
low.  It  is  probably  one  of  the  coldest  flames  known.  Our  hands 
have  frequently  been  surrounded  by  it  without  any  too  inconvenient 
Sensation  of  heat. 

Action  of  Water  on  ThiopJiosphoryl  Fluoride. — If  a  stream  of  thio- 
}>hosphoryl  fluoride  is  sent  through  water,  comparatively  little  of  the 
gas  is  absorbed.  The  bubbles  rise  to  the  surface,  and  take  fire 
immediately  on  reaching  the  air,  forming  rings  of  white  smoke.     In 
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oi-der  tli<at  any  appreciable  quantity  may  be  dissolved,  the  gas  must 
be  shaken  with  the  water  for  some  time.  The  solution  is  acid  to 
test-paper,  smells  of  sulphuretted  hydrogen,  and  gives  the  reactions 
for  phosphoric  and  hydrofluoric  acids.  The  decomposition  is  in 
accordance  with  the  equation — ■ 

PSF3  +  4H,0  =  H,S  +  H.PO*  +  3HF. 

Tf  the  solution  is  effected  in  a  vessel  of  flint-glass,  the  liquid  at 
once  becomes  black,  owing  to  the  action  of  the  hydrofluoric  acid  and 
sulphuretted  hydrogen  upon  the  lead  silicate. 

Action  of  Alkaline  Solutions  upon  Thiophosphoryl  Fluoride. — Thio- 
phosphorvl  fluoride  is  more  readily  dissolved  by  a  solution  of  potash 
or  soda  than  by  water,  but  it  is  only  by  acting  upon  a  confined  volume 
of  the  gas,  and  frequently  shaking  the  liquid,  that  large  quantities 
can  be  absorbed. 

Wurtz  (A7in.  Chem.  Phys.  [3],  20,  472)  has  shown  that  alkaline 
solutions  react  on  thiophosphoryl  chloride,  PSCI3,  with  the  formation 
of  a  thiophosphate  and  a  chloride.     Thus  with  soda — 

PSCI3  +  6NaH0  =  Na.,PS03  +  SNaCl  +  BHaO. 

Analogy  would  appear  to  indicate  that  thiophosphoryl  fluoride  would 
behave  in  a  similar  manner. 

Berthelot,  arguing  from  the  heat  of  solution  of  phosphorus  tri- 
fluoride  in  alkaline  solutions,  has  inferred  the  existence  of  a  fluo- 
phosphoric  acid.  And  it  is,  of  course,  possible  that  this  compound 
might  be  formed  from  thiophosphoryl  fluoride. 

In  order  to  ascertain  the  exact  nature  of  the  decomposition,  a 
quantity  of  the  gas  was  dissolved  in  pure  soda  solution,  contact  with 
glass  being  carefully  avoided,  and  the  solution  was  slowly  evaporated 
in  a  large  platinum  dish.  As  crystals  were  formed,  the  mother-liquors 
were  decanted,  and  the  successive  fractions,  after  being  washed  with 
a  little  water,  were  dried  and  analysed.  The  first  fraction  was  found 
to  consist  of  almost  pure  sodium  fluoride,  and  the  succeeding  fractions 
contained  gradually  increasing  quantities  of  sodium  thiophosphate. 
The  decomposition  by  alkaline  solutions  is  strictly  analogous  to  that 
of  thiophosphoryl  chloride  as  described  by  Wurtz  : — 

PSF3  +  GNaHO  =  NasPSOs  +  3N"aF  +  3H.,0. 

Action  of  Ammonia  on  Thiophosphoryl  Fluoride. — If  ammonia  gas  is 
passed  into  a  confined  volume  of  thiophosphoryl  fluoi-ide  the  two  gases 
immediately  combine,  heat  is  evolved,  and  a  white  solid  substance  is 
formed.  To  determine  quantitatively  the  volume  ratios  of  the  gases 
taking  part  in  the  reaction,  measured  quantities  of  dry  ammonia  wire 
passed  into  a   measured  amount  of  thiophosphoryl  fluoride  and  the 
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contraction  was  notpd.  Ammonia  sufficient  to  condense  pai-t  of  tlio 
gas  is  added  first  of  all,  and  after  cooling'  and  noting  the  volume  more 
is  added  until  all  the  gas  has  entered  into  combination. 

The  following  are  the  numbers  obtained  in  two  consecutive  trials  : 
the  volumes  are  reduced  to  standard  temperature  and  pressure  :  — 

Original  volume  of  ammonia  gns 39-07  c.c. 

„  „  thiophosphoryl  Huoridc 7'51     ,, 

After  1st  admixture — 

Residual  vol.  of  NH,  . .      18-52  c.c.     NH,  used 20-55  c.c. 

PSF,..        2-84    „      PSF3    „  ....        5-17    „ 

After  2nd  admixture — 

Residual  vol.  of  NH,  . .  .      7-51  c.c.     Total  NH3  used  31  02  c.c. 
Excess  of  NH3  added. .        074    „       PSF3  „        7-51    „ 

1st  admixture 1  vol.  of  PSF3  condenses  3'98  vols.  NHa. 

2nd  „         1  „  „  4-13  „ 

One  molecule  of  thiophosphoryl  fluoride  appears,  therefore,  to  com- 
bine with  4  mols.  of  ammonia  to  form  a  solid  product.  In  this 
respect  its  behaviour  is  analogous  to  that  of  thiophosphoryl  chloride, 
PSCI3.  Gladstone  and  Holmes  (Chem.  Soc.  J.,  18,  7)  found  that  this 
substance  could  Tiot  absorb  more  than  four  equivalents  of  ammonia, 
and  they  were  of  opinion  that  the  reaction  was  in  accordance  with  the 
equation — 

PSCI3  +  4NH3  =  2XH,C1  +  P(NH,),C1S. 

Schiff,  on  the  other  hand,  represents  the  reaction  on  the  supposition 
that  thiophosphotriamide,  PS(NH2)3,  is  formed, 

PSCI3  +  6NH3  =  3NH,C1  +  PS(NH,)3, 

although  no  analytical  data  are  given  in  support  of  this  view  of  the 
action  {Ann.  Chim.  Phann.,  101,  292). 

If  a  reaction  corresponding  to  Schiff's  equation  took  place  in  the 
case  of  thiophosphoryl  fluoride,  6  vols,  of  ammonia  ought  to  be 
condensed.  The  volume  ratios  actually  observed  support  the  idea 
that  the  action  of  ammonia  gas  on  thiophosphoryl  fluoride  mav  be 
represented  by  the  equation — 

PSF3  +  4XH3  =  2NH,F  +  PCNHOaSF, 

and  if  the  analogy  between  Gladstone  and  Holmes's  compound  is 
assumed  to  hold  good,  the  product,  excluding  the  ammonium  fluoride, 
should  be  acted  upon  by  water  with  the  formation  of  thiophosphodiamic 
acid  and  hydrofluoi-ic  acid,  thus  : — 

P(NH,)2SF  +  HoO  =  HF  +  P(XH,)2HS0. 
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In  order  to  obtain  further  evidence  on  tliis  point,  we  passed  about  balf 
a  litre  of  tbiophosphoryl  fluoride  into  a  small  flask  into  which  a  stream 
of  dry  ammonia  gas  was  also  being  led.  The  solid  compound  settled 
on  the  bottom  and  sides  of  the  flask  as  a  white,  compact  crust,  which 
speedily  deliquesced  on  exposure  to  the  air.  When  freshly  prepared 
it  lias  no  smell  of  ammonia.  It  dissolves  I'eadily  in  water,  giving  a 
slightly  alkaline  solution,  in  which  no  trace  of  phosphoric  acid  or 
hvdrosulphuric  acid  can  be  detected  in  the  cold.  With  metallic  salts 
it  gives  reactions  which  in  some  cases  coi-respond  with  and  in  others 
differ  from  those  obtained  by  Gladstone  and  Holmes  with  the  solution 
of  the  compound  obtained  by  the  action  of  ammonia  on  tbiophosphoryl 
chloride.  Both  solutions  give  precipitates  with  salts  of  mercury, 
copper,  silver,  lead,  and  tin,  and  no  precipitate  with  those  of  barium 
and  iron.  On  the  other  hand,  the  tbiophosphoryl  fluoride  compound 
o-ives  no  precipitates  with  salts  of  zinc,  cadmium,  nickel,  and  cobalt, 
in  which  respect  it  differs  from  the  tbiophosphoryl  chloride  compound. 
Gladstone  and  Holmes  (loc.  cit.)  found  that  the  precipitates  obtained 
from  the  tbiophosphoryl  chloride  compound  consisted  of  salts  of 
til iophosphodiaDiic  acid,  H(NH2)-PS0. 

On  adding  copper  sulphate  solution  to  a  solution  of  the  tbiophos- 
phoryl fluoride  compound  the  liquid  i-emains  perfectly  clear  for  a  short 
time.  A  yellowish-white  precipitate  gradually  forms  which  rapidly 
darkens  in  colour  and  is  ultimately  transformed  into  copper  sulphide. 
On  filtering,  the  clear  liquid  .slowly  deposits  a  crystalline  salt  of  a  pale 
greenish-blue  colour :  it  is  insoluble  in  water,  both  hot  and  cold,  but 
readily  dis.solves  in  dilute  hydrochloric  acid  solution.  The  salt  is 
only  very  gradually  formed,  and  many  weeks  are  required  to  obtain 
an  amount  sufficient  for  analysis.  On  examination  it  was  found  to  be 
a  double  salt  of  copper  phosphate  and  copper  silicofluoride,  of  the 
formula  CusP^Og.CuSiFe. 

0-322G  gram  salt  gave  0-1756  CuO  and  01217  Mg2P207. 

Found.  Calculated. 

Copper   4315  43-41 

Phosphorus    10-61  1053 

The  formation  of  this  compound  is  easily  accounted  for.  All  the 
sulphur  is  removed  as  copper  sulpbide  and  the  amidated  phosphoric 
acid  is  gradually  decomposed,  with  the  deposition  of  the  light  green 
double  salt,  by  the  hydrofluosilicic  acid  gradually  formed  by  the 
action  of  the  hydrofluoric  acid  on  the  glass  vessel.  It  is  worthy  of 
note  that  in  the  double  salt  the  phosphorus  bears  the  same  ratio  to 
fluorine  that  it  does  in  the  tbiophosphoryl  fluoride  from  which  it  was 
derived. 

Action  of  TMopliosp'hwyl  Fluoride  on  heated  Glen's. —  When  a  quan- 
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tity  of  thiophosphoryl  fluoride  is  heated  in  a  glass  tube,  the  gas,  after 
a  given  temperature  has  been  reached,  deposits  a  yellow  film  on  the 
glass,  the  volume  begins  steadily  to  decrease,  and  after  a  time  becomes 
constant.  The  residual  gas,  after  the  action  is  complete,  consists 
entirely  of  silicon  tetrafluoride.  The  decomposition  follows  the 
equation — 

4PSF3  +  3Si  =  3SiF,  +  P,  +  S4, 

four  volumes  of  the  thiophosphoiyl  fluoride  giving  three  of  silicon 
tetraduoride.  A  small  measured  quantity  of  tliio[)hosph()ryl  fluoride 
was  heated  in  a  cloche  courbe  over  mercury.  After  heating  for  about 
an  hour  the  tube  was  allowed  to  cool  and  the  volume  of  the  residual 
gas  noted.  The  results  of  two  experiments  carried  out  in  this  way 
"were  as  follows  : — 

I.     7-90  c.c.  PSF3  gave  5-95  c.c.  SiF^. 
II.  11-39         „         „      8-81 

Calculated  from  the  equation — 

I 5-93  c.c. 

II 8-65    „ 

The  sulphur  is  rapidly  deposited  from  the  heated  gas  which,  indeed, 
appears  first  to  decompose  in  accordance  with  the  equation — 

PSF3  =  PF3  +  S, 

the  phosphorus  trifluoride  then  decomposing  in  the  manner  indicated 
by  Moissan  {Ann.  Ghim.  Phys.  [6],  6,  4G4), 

4PF3  +  3SiO.,  =  3SiF4  +  P4  +  30,. 

A  portion  of  the  phosphorus  combines  with  sulphur,  whilst  another 
pai't  is  oxidised  and  unites  with  the  bases  of  the  glass,  foi'ming  pyro- 
phosphates or  metaphosphates.  The  deposit  on  the  extreme  upper 
part  of  the  tube  is  yellow,  and  inflames  on  being  heated  in  the  air ; 
it  dissolves  in  water  with  sepai^ation  of  a  little  silica,  and  the  solu- 
tion smells  of  sulphuretted  hydrogen,  and  gives  the  reactions  for 
phosphoric  acid. 

Action  of  the  Electric  SparTc  and  heated  Platinum  on  Thiophosphoryl 
Fluoride. — If  electric  sparks  are  passed  between  platinum  terminals  in 
an  atmosphere  of  thiophosphoryl  fluoride,  the  gas  is  at  once  decom- 
posed. A  light  yellow  substance  settles  on  the  platinum  wires  and  on 
the  sides  of  the  containing  vessel,  and  the  volume  of  the  gas  slowly 
diminishes.  On  heating  a  spiral  of  platinum  to  a  low  red  heat  in  a 
confined  volume  of  the  gas,  a  cloud  at  once  appears  and  a  yellow  film 
quickly  settles  on  the  cold  sides  of  the  tube.     If  the  gas  stands  over 
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mercury  a  black  sublimate  of  mercuric  sulphide  is  also  formed.  The 
platinum  is  rapidly  attacked,  aud  in  two  or  three  minutes  falls  to 
pieces,  being  converted  into  a  black,  brittle  mass  from  the  action  of 
the  phosphorus  and  sulphur.  The  yellow  deposit  consists  of  sulphur 
and  phosphorus,  the  former  substance  occurring  in  by  far  the  larger 
quantity.  If  moisture  has  been  carefully  excluded,  the  residual  gas 
contains  no  trace  of  silicon  ;  although  its  volume  is  slightly  less  than 
that  of  the  thiophosphoryl  fluoride  taken,  it  contains  only  phosphorus 
and  fluorine. 

It  would  thus  appear  that  by  the  action  of  heat  thiophosphoryl 
fluoride  is  quickly  decomposed  with  separation  of  sulphur  and  forma- 
tion of  phosphorus  trifluoride, 

PSF3  =  PF3  +  S, 

and  that  the  phosphorus  trifluoride,  as  already  shown  by  Moissan 
(loc.  cit.),  is,  by  the  further  action  of  heat,  gradually  converted  into 
phosphorus  pentafluoride  with  separation  of  phosphorus — 

5PF3  =  3PF5  +   Po. 

Specfrvm  of  Thiophosphoryl  Fhioride. — Professor  J.  Norman  Lockyer 
"was  good  enough  to  instruct  Mr.  Fowler  to  make  some  observa- 
tions on  this  point  for  us.  A  large  end-on  tube  was  carefully 
filled  with  dry  nitrogen  and  placed  in  connection  with  an  apparatus 
containing  a  mixture  of  lead  fluoride  and  freshly  made  phosphorus 
sulphide.  The  tube  and  apparatus  were  then  exhausted  by  the 
Sprengel  pump,  and  the  whole  filled  with  the  thiophosphoryl  fluoride 
which  was  then  removed  by  the  action  of  the  pump  :  the  filling  was 
repeated  once  or  twice,  and  the  gas  finally  slowly  pumped  out  until 
a  spark  at  the  lowest  possible  temperature  would  pass.  As  soon  as 
the  spark  begins  to  pass  the  spectrum  is  found  to  consist  of  lines 
characteristic  of  the  fluorine  spectrum  as  seen  in  silicon  fluoride  and 
boron  fluoride.  After  a  time,  as  the  pressure  is  reduced,  lines  of 
phosphorus  appear  and  entirely  displace  the  fluorine  spectrum.  On 
further  reducing  the  pressure,  the  phosphorus  lines  give  place  to  a 
spectrum  consisting  entirely  of  sulphur  flutings.  Thiophosphoryl 
fluoride  is  therefore  dissociated  at  the  lowest  temperature  of  the 
spark. 

Liquefaction  of  Thiophosphoryl  Fluoride. — In  the  Cailletet  apparatus, 
the  gas  is  readily  reduced  to  a  colourless,  transparent  liquid.  By 
means  of  a  specially  constructed  apparatus,  in  which  we  compared  the 
reduction  of  the  volume  of  hydrogen  and  of  the  gas  by  submitting 
both  to  the  same  pressure,  we  find  the  following  relation  between  the 
temperature  and  pressure  under  which  the  liquefaction  of  thiophos- 
phoryl fluoride  takes  place. 
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Pressure  in 

Temperatures. 

atmospheres 

3  8° 

7-6 

10-0 

9-4 

13-8 

10-3 

20-3 

130 

Adilemhim. — Tn  tlie  discussion  which  followed  the  reading  of  this 
paper.  Professor  Ramsay  suggested  that  thiophosphoryl  fluoride  wonld 
]irobablj  be  resolved  by  shock  if  treated  in  the  same  manner  as  carbon 
bisulphide  vapour,  i.e.,  if  a  small  quantity  of  mercuric  fulminate  was 
exploded  in  the  gas.  On  making  the  experiment  according  to  the 
method  already  described  by  one  of  us  (Thorpe,  "  Decomposition  of 
Carbon  Bisulphide  by  Shock,"  Trans.,  1889,  220),  a  black  deposit  of 
mercuric  sulphide  was  instantly  pi'oduced  by  the  explosion,  and  in 
quantity  sufficient  to  show  that  the  whole  of  the  sulphur  was  thrown 
out  of  combination.  It  is,  however,  impossible  to  say  definitely 
whether  this  result  is  the  direct  effect  of  the  explosion  or  whether  it 
is  due  to  the  action  of  the  heated  mercury  vapour  on  the  gas  ;  in  other 
words,  we  have  no  means  of  knowing  whether  the  action  is  purely 
chemical  or  is  merely  mechanical. 


XXXV. — Note  on  the  Heat  of  Neutralisation  of  Sulphuric  Acid. 

By  Spencer  Umfreville  Pickering,  M.A. 

It  is  well  known  that  the  heat  of  neutralisation  of  acids  and 
alkalis  is,  in  the  majority  of  cases,  a  constant  quantity,  though  there 
are  several  exceptions  to  the  rule.  Those  cases  where  the  values  are 
abnormally  low  present  no  great  difficulties,  for  they  are  confined 
chiefly  to  weak  acids  where  the  salts  are  partially  dissociated,  and 
neutralisation  is,  therefore,  not  complete ;  of  the  existence  of  abnor- 
mally high  valnes  (sulphuric,  hydrofluoric,  hypophosphorous,  and 
selenic  acids)  I  have  suggested  a  possible,  though  conjectural  expla- 
nation, based  on  peculiarities  in  the  amount  of  the  residual  affinity 
possessed  by  the  acids  (Trans.,  1887,  598).  The  object  of  the  present 
note  is  to  give  a  simpler  and  more  satisfactory  explanation  of  such 
exceptions.  The  heat  of  neutralisation  of  these  acids  is  not  abnormally 
high. 

The  values  given  by  Thomson  for  the  three  commoner  acids  are  : — 

2HCI2OOH2O,  2NaOH200n,O  =  27,480  cal. 
2HNOa99H20,  2NaOH199H20  =  27,360     „ 
H.,S04l99H20,  2NaOH199H.O  =  31,380    „ 
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tlie   first  two  being  instances  of  the  normal    value,  the  last  being 
4000  cal.  too  large. 

Any  constancy  observed  in  the  heat  of  neutralisation  is  dependent, 
as  I  have  shown,  on  the  saturation  of  the  residual  affinity  of  the 
molecules  concerned  by  tbe  water  present,  and,  hence,  this  water 
must  be  present  in  la,rge  excess,  and  should,  theoretically,  be  infinite 
in  quantity.  Though,  with  hydrochloric  acid,  the  200  HoO  present  is 
sufficient  to  practically  complete  the  thermal  effects  of  dilution,  this 
is  by  no  means  the  case  with  sulphuric  acid.  We  can  calculate  what 
the  heat  of  neutralisation  would  be  in  infinity  of  water  by  the  aid  of 
Thomsen's  i-esults  on  the  dilution  of  the  solutions  concerned. 
Thomsen  gives  the  values  of  the  heat  evolved  (per  gram-molecular 
proportion  of  the  substance  present)  on  diluting  solutions  of  various 
strengths  down  to  the  strength  of  the  weakest  solution  which  he 
obtained  in  any  given  series  {Thermochem.  JJntersuch.,  Ill)  ;  by  plot- 
ting these  values  against  the  percentage  composition  we  get  a  curve 
which  may  easily  be  produced  to  0  per  cent.,  that  is,  to  infinite  dilu- 
tion. If  this  point  be  x  cal.  below  the  zero  point  which  he  took,  all 
his  values  must  be  increased  by  x  cal.,  and  they  will  then  express  the 
molecular  heat  of  dissolution  of  the  solution  taken  iu  infinity  of 
water.  The  values  which  are  marked  by  an  asterisk  in  the  accom- 
panying table  give  the  values  of  x  in  the  various  cases,  the  others 
are  the  values  required  in  the  following  calculations. 


Solution. 
*H,S04  1799HoO 


Percentage 
composition. 

. .    0-389 


H2SO4  I99H.2O 2-663 

*2HC1  6OOH2O 0-670 

.2HC1200H,O 2000 

*2HN'03  640Ho.()    ....  1-090 

2HNO3I99H2O    ....  3-400 

*2NaOH  4OOH0O  ....  I -100 

2NaOH  I99H3O  ....  2190 

2NaOH  200H,O  ....  2-170 

♦NaaSOi  800H,O    ....  0-980 

Na,SO4  400H2O    ....  1-900 

*2NaCl  4OOH2O 1-600 

2NaCl  402H,0 1-590 

*2NaN03  4OOH0O  ....  2-300 

2N'aN03  402H2O  ....  2-300 

Now,  if  we  imagine  two  cycles  of 


Molec. 
in 

+  173  cal. 

+  2128  „ 

+  965  „ 

+  3245  „ 

+  164  „ 

+  242  „ 

+  148  „ 

+  288  „ 

-142  „ 

-264  „ 

-262  „ 

-102  „ 

-202  „ 

-86  „ 

-84  „ 

-368  „ 

-368  „ 

operations, 


heat  of  dissolution 
infinity  of  water. 
(Thomsen). 
(Pickering). 
=  A  (Thomsen). 
=  A'  (Pickering). 
(Thomsen). 
=  E  (Thomsen). 

>> 
=  F 

>» 

=  G         I 
in  one  of  which  we 
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mix  the  stronp^  (witli  200  H..0)  acid  and  alk;di  solutions,  and  tlien 
dilute  the  resulting  solution  to  infinity,  and  in  the  other  of  wlu'ch  we 
dilute  the  acid  and  alkali  to  infinity  first,  and  then  mix  them  together, 
the  sum  of  the  thermal  results  in  the  two  cycles  will  be  the  same,  for 
the  initial  and  final  states  are  identical  ;  thus : — 

N  +  G  =  E  +  C  +  N^, 
N  being  the  heat  of  neutralisation  with  strong  solutions,  N„  that 
with  infinitely  weak  ones.  Substituting  the  values  given  in  the 
table  for  the  other  letters,  we  get  'N^  for  2HC1  to  be  27,416  cal., 
])raetically  the  same  as  with  strong  solutions.  For  sulphuric  acid, 
Tliomsen's  values  for  the  equation  N-f-D  =  A  +  B  +  N^  give 
N„  =  30,477  cal.,  thus  reducing  the  excess  by  900  cal.,  but  leaving 
it  still  too  great  to  be  called  normal. 

I  have,  however,  made  a  much  more  extensive  series  of  determina- 
tions of  the  heat  of  dilution  of  siilphui-ic  acid  than  that  made  by 
Thorasen  ;  the  results  will  be  brouglit  before  the  Society  before  long, 
and  I  need  only  give  here  the  particular  value  required  for  our 
present  purposes.  A'  in  the  foregoing  table.  Using  this  value  instead 
of  A  we  get  28,197  cal.  for  the  heat  of  neutralisation  of  sulphuric 
acid,  a  quantity  within  800  cal.  of  that  of  hydrochloric  acid. 

The  difference  of  2300  cal.  between  Thomsen's  and  my  own  value 
for  the  dilution  of  H2S04l99HiO  may  appear  very  large,  but  it  is  not 
due  to  simple  experimental  error.  There  certainly  appears  to  be 
some  error  in  Thomsen's  determination  with  the  weakest  solution 
which  he  used,  his  value  being  193  cal.  lower  than  mine  (a  quantity 
representing,  however,  only  y^^t^^  of  ^  degree  in  the  experiment 
itself),  but  this  would  not  account  for  the  discrepancy  ;  the  fact  is 
that  there  is  a  sudden  change  in  the  direction  of  the  curve  at  about 
0"3  per  cent.,  and  as  Thomsen's  last  determination  was  made  with  a 
0'67  per  cent,  solution,  his  results  cannot  take  this  change  into  account ; 
had  I  deduced  the  correction  from  my  own  experiments,  taking  only 
the  same  points  as  Thomsen  took,  I  should  have  got  29,825  cal.  for 
N„,  a  value  still  2200  cal.  above  that  of  hydrochloric  acid. 

From  the  equation  N"  +  H  =  F  +  B  +  N^  we  get  26,268  cal. 
for  the  heat  of  neutralisation  of  nitric  acid  in  infinity  of  water. 
Compared  with  this,  my  value  for  sulphuric  acid  is  1200  cal.  too  high, 
but  the  results  are  more  doiibtful  in  this  case,  as  the  correction  for 
the  dilution  of  sodium  nitrate  is  a  large  one,  and  the  weakest  solution 
used  by  Thomsen  contained  as  much  as  4'5  per  cent,  of  the  salt. 

A  difference  of  even  this  magnitude  must  be  considered  as  within 
the  limits  of  experimental  error.  The  values  for  N^  in  the  three 
cases  depend  not  only  on  Thomsen's  determinations  of  N  (which  no 
doubt  are  accurate),  and  on  my  curve  for  sulphuric  acid,  but  also  on 
extrapolation  fi'om  six  of  Thomsen's  curves  where  the  points  available 
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are  far  too  few  to  give  more  than  approxiraate  values.  There  can  be 
little  doubt  but  that  the  heat  of  neutralisation  of  sulphuric  acid,  and 
probably  also  that  of  selenic,  hypophosphorous  and  hydrofluoric 
acids,*  is  normal,  under  perfect  conditions,  and  it  must  be  remem- 
bered that  these  perfect  conditions  include,  not  only  infinite  dilution, 
but  also  some  appropriate  temperature,  probably  the  absolute  zero,  for 
the  heat  of  neutralisation  is  affected  to  different  extents  in  different 
cases  by  altering  the  temperature,  and  absolute  identity  of  results  at 
18°  would  imply  non-identity  at  other  temperatures.  Under  these 
perfect  and  unattainable  conditions,  the  value  would  be  constant  only 
because  we  should  be  measuring  the  same  quantity  in  every  case, 
namely,  the  difference  between  (a)  the  heat  of  combination  of  H  with 
(OH)  and  the  union  of  the  water  molecules  with  each  other,  and  (fe) 
the  heat  of  combination  of  M  with  (OH)  and  the  union  of  the  hydr- 
oxide formed  with  excess  of  water,  which  latter  quantity  is  the  same 
whatever  metal  M  may  be,  for  it  represents  in  each  case  the  perfect 
satisfaction  of  the  affinity  of  the  same  radicle — hydroxyl  (see  Trans., 
1888,  878). 


XXXVI. — The  Boiling  Points  of  Sodium  and  Potassium. 

By  E.   P.  Persian,  B.Sc,   Clothworkers  Exhibitioner  at  University 

College,  London. 

As  no  attempts  seem  to  have  been  made  hitherto  to  determine  with 
anv  degree  of  accuracy  the  boiling  points  of  sodium  and  potassium,  I 
undertook,  at  Prof.  Ramsay's  suggestion,  to  ascertain  these  constants. 
Method  employed. — About  10  grams  of  sodium  were  heated  in  a 
combustion-tube,  sealed  at  one  end,  and  placed  vertically  over  a 
Bunsen  flame  ;  the  metal  melted  but  gave  off  very  little  vapour.  On 
raising  the  temperature  by  using  a  blowpipe,  the  sodium  began  to 
boil,  but  soon  attacked  and  perforated  the  tube.  A  second  trial  with 
a  thicker  tube  gave  the  same  result.  An  iron  tube  was  then  substi- 
tuted  for  the  glass  one  with  somewhat  better  success ;  the  sodium 
was  made  to  boil,  and  a  small  bulb  of  combustion-glass,  with  a  long, 
capillary  stem,  was  hung  in  the  vapour,  and  the  end  sealed  by  means 
of  a  hand-blowpipe,  when  the  sodium  vapour  was  supposed  to  have 
reached  the  neck  of  the  bulb.  The  results  were  unsatisfactory,  and 
it  was  found  much  better  to  use  a  hollow  iron  ball  surrounded  by  a 
screen  of  fireclay,  and  to  heat  it  with  one  of  Fletcher's  blowpipes 
such  as  are  sold  with  his  injector  furnaces.  The  sodium  soon  boiled 
*  There  are  no  data  for  calculating  the  corrections  in  these  cases. 
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and  the  vapour  issued  from  the  hole  in  the  top  of  the  iron  b;ill,  and 
burned.  The  size  of  the  flame  indicated  the  rate  at  which  the  metal 
was  boiling.  Several  bulbs  were  lowered  into  the  vapour,  some  of 
combustion-glass  and  some  of  ordinary  glass  ;  the  latter  were  found 
to  answer  quite  as  well  as  the  former.  Each  bulb  was  held  so  that 
the  sodium  flame  played  round  its  neck  for  about  half  a  minute;  it 
was  then  lowered  till  completely  surrounded  by  the  vapour,  held  thus 
for  a  few  seconds,  the  end  sealed,  and  withdrawn.  In  the  case  of 
potassium,  the  injector  blowpipe  was  unnecessary,  an  ordinary  blow- 
pipe easily  producing  the  required  tempei-ature.  The  method  of  pro- 
cedure was  the  same. 

The  bulbs  were  afterwards  boiled  in  water  to  remove  potash  or 
soda,  carefully  dried,  and  weighed.  Some  were  deeply  etched  and 
leaked;  but  a  sufficient  number  survived  to  give  reliable  results. 
The  capillary  stems  were  broken  under  boiled  water,  the  pieces 
broken  off  being  weighed  separately,  and  the  weight  of  each  being 
added  to  that  of  its  bulb ;  the  bulbs  were  immersed  in  the  water  and 
the  temperature  taken  ;  they  were  then  again  dried  and  weighed.  The 
volume  of  expelled  air  is  given  by  that  of  the  water  entering  the 
bulb.  They  were  lastly  boiled  under  water  till  full,  cooled  to  about 
20°  (slightly  above  the  temperature  af  the  laboratory  in  order  to 
avoid  loss  by  expansion  during  the  weighing),  dried,  and  weighed. 
This  gave  the  capacity  of  each  bulb. 

Method  of  Calculation. 

Let  Wi  be  the  weight  of  water  in  the  bulb  after  breaking  the  stem, 
W2  weight  of  water  required  to  fill  the  bulb, 
t°  the  required  temperature, 
^1*^  temperatui^e  of  water  on  removing  bulb  after  breaking  the 

stem, 
a    coefficient  of  comparison  of  air  =  0'003667, 
B  „  „  of  glass  =  0-00003, 

di  density  of  water  at  temperature  ti°, 

pi  atmospheric  pressure  on  sealing  the  bulb, 
fi  atmospheric    pressure    on    breaking   the   stem,    minus  the 
vapour-pressure  of  water  at  ^1°. 

Then  the  volume  of  air  in  the  bulb  at  temp.  ^1°  and  pressure  pi  is 

-^ ^,  and  this  at  the  temp.  t°  and  pressure  pa  expands   to 

d^,        di 

pi\d^  di  /  1   +  acti 

volume  ~  — — at  the  temp.  t°, 

d^    I  +   Bt;  ^ 
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2  Ay,    w\  I  +  xt  _  iih  n  ^  U\ 

iVdT  ~  TJ  I  +  xh~  d.,  \l  +  ctj' 


Now  tZi  and  d^  were  always  pi'actically  identical,  for  ti  and  t-i  never 
differed  by  more  than  2''.     The  expression  then  becomes — 


Pi  Wo,   — 


di  1  +  cto 


B- A 


Put  ^'' '"''  ~  "''  =  A  and  — ii-—  =  B,  and  we  find  t  = 

pi  1    +    ail  1   +    ^^2  Ax—B.o' 

From  this  expression  all  the  results  were  calculated. 
The  actual  data  obtained  are — 

a.   Weight  of  bulb  +  air. 

h.  ,,  ,,       +  air  +  water. 

c.  ,,  „       +  water. 

d.  „       capillary  stem  broken  off. 

Also  /i,  fi,  ih,  and_p2- 

The  bulb  contains  the  same  weight  of  air  in  a  and  b  ;  therefore,  to 
find  Wi,  subtract  a  from  h  and  add  d.  To  find  w^,  subtract  a  from  c, 
add  d  and  also  add  the  weight  of  the  enclosed  air,  roughly  estimated 
from  the  volume  of  the  bulb. 

The  numerical  data  and  the  calculated  results  ai^e  here  tabulated : — 


Sodium. 

Potassium. 

1.                       2. 

3. 

1. 

2. 

3. 

a  . .  . . 

b    

c  . .  • . 

d 

^1  . .  . . 

t. 

Ih  •••' 
Pi--'- 

Wj.  .  .  . 
W2.  .  .  . 

t     

1  -9015  grams 
2-4715    „ 
2-7238    „ 
0-0170    „ 
21° 
20° 

769-6  mm. 

756-1      „ 
0'5870  gram 
0-8396    „ 

746° 

1-1345 
1  -6890 
1  -9308 
0  -0037 
20° 
20° 

769-6 

756-1 
0  -5582 
0-8003 

737° 

0  -8003 
1 -2245 

1  -4085 
0  -0038 

20" 

20° 

769-6 

756-1 

0-4280 

0-6122 

742-5° 

1  -2740 
2 -0044 
2-3705 
0-0263 
22-5° 
20° 

759  -8 

739-6 
0  -7567 
1-1236 

674° 

1  0441 

2  -2398 
2  -5528 
0-0385 

21-5° 
20° 
759-8 
740-8 
0  -6842 
0  -9480 

656° 

1 -6411 
2  -4516 
2 -8493 
0-0125 
21-5° 
20° 
759-8 
740-8 

0  -8230 

1  -2217 

670° 

Mean  result  for  sodium   742°. 

„  for  potassium    667°. 

Possible  Errors. — Superheating  of  the  vapour  may  cause  an  error 
perhaps  of  10°,  or  more  if  tbe  metal  is  nearly  volatilised. 

The  weighings  were  accurate  to  0"2  milligram,  the  temperatures 
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were  I'cad  to  O'l"  and   the   pressures  tu  (J'i   mm.,  so  that  the  errors 
have  no  appreciable  effect  on  the  value  of  t. 

The  non-exposure  of  the  capillary  stem  to  the  vapour  causes  a  small 
error,  which  is  in  the  opposite  sense  to  the  error  caused  by  super- 
heating. 

There  is  a  possible  error  in  the  number  taken  for  the  coefficient  of 
expansion  of  the  glass  used,  but  an  error  of  20  per  cent.  (O'OUOOSO 
instead  of  0"000025)  would  only  cause  an  error  of  2°  or  8°  in  the 
boiling  point  found.  The  coefficient  was  cai-efully  determined  for 
the  glass  of  which  the  bulbs  were  made.  A  bulb  of  about  4  c.c. 
capacity  was  weighed,  then  filled  with  boiled  mercury  and  boiled  out 
sevei'al -.times,  cooled,  placed  in  water  at  a  slightly  higher  temperature, 
^1,  weighed,  hung  over  boiling  water,  and  weighed  again.  The  coeffi- 
cient of  expansion,  t,  was  calculated  from  the  equation 

1  +  cti  u'l  1  -f  ati 

1  +  Sf-i        w-i  1  +  a^a' 
where  W\,  =  weight  of  mercury  filling  bulb  at  t° . 

I    o 

XC-i   —  ,,  ,,  ,,  li  . 

a    =  coefficient  of  absolute   expansion  of 
mercury  between  0°  and  ^2°. 

The  bulb  was  also  hung  over  boiling  mercury  and  weighed  again. 
The  data  and  results  are  : — 


Temperature. 

Weight. 

d. 

Bulb  +  air 

19-7° 
99-4 
358-2 

3  -1795  gram 
53-2503      „ 
52  -644^      „ 
50  -6754     „ 
50  -7120      „ 
50-6820      „ 

„      +  mercury   

+          „         

0-000027 

„      +          ,,         

„     +          ,,         

,,      +          ,,         

0  -000028 

The  boiling  points  were  found  to  be  not  far  from  700°,  and  c  was 
therefore  taken  as  000003,  assuming  its  value  to  increase  regularly 
with  rise  of  temperature.  The  difference  in  the  weights  at  358°  was 
due  to  traces  of  air  which  remained  in  the  bulb ;  the  highest  number 
was  taken  as  correct. 

Remarks. — The  results  given  by  sodium  agree  much  better  than 
those  obtained  for  potassium.  The  reason  probably  is  that  a  much 
smaller  quantity  of  potassium  was  used  than  of  sodium ;  further,  it 
boiled  away,  and  more  lumps  had  to  be  thrown  into  the  ball,  so  that 
in  this  case  the  method  is  very  much  the  same  as  if  one  threw  a  lump 
of  ice  into  a  hot  vessel  and  immediately  tried  to  find  the  boiling  point 
of  water. 
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XXXVII. — (x.w-J)iacetylpentane  and  atoi-Dihenzoylpentane. 

By  E.  Stanley  Kipping,  Ph.D.,  D.Sc,  and  W.  H.  Perkin,  Jnn.,  Ph.D. 

Under  the  influence  of  dehydrating  agents,  acetone  readily  undergoes 
condensation  with  formation  of  mesityl  oxide,  phorone,  and  other 
substances.  The  reaction  in  the  case  of  mesityl  oxide  is  represented 
by  the  equation — 

CH3-CO-CH3         _  CH3-C0-C 

CHa-CO-CHs  ~         CHa-C-CHa  ■'■      ' 

Furthermore,  when  acetone  is  treated  with  certain  reducing  agents 
it  yields  pinacone,  thus  : — 

ci:>CO  +  CO<CH.   +  H,  =  Cg'>C(0H)-C(0H)<CH3. 

In  each  of  these  reactions,  2  mols.  of  acetone  take  part,  the  result- 
ing compounds  being  formed  by  the  direct  union  of  two  carbon-atoms, 
one  from  each  molecule. 

In  studying  these  curious  reactions,  it  seemed  possible  that,  starting 
with  diketones  of  the  formula  Il'CO-CH2-[CH2]„-CH2-CO-R,  and  sub- 
jecting them  to  similar  treatment,  the  condensation  might  be  confined 
to  one  molecule. 

Thus,  under  the  influence  of  dehydrating  agents,  the  change  would 
be— 

R-CO-CH2-[CH2]„-CH2-CO-R  -  H2O  =  R-C^=.=,=__^ 

CH2-[CH2]„-C-CO-R, 

whereas  a  reduction  analogous  to  the  formation  of  pinacone  from 
sieetone  would  take  the  following  course  : —  i 

R-CO-CH2-[CH2]„-CH2-CO-R  +  H^  =  R-C(OH) C(OH)-R 

CH./(CH.2)«-CH, 

With  the  object  of  testing  this  hypothesis,  we  have  prepared 
aw-diacetylpeutane,  CH3'CO*[CH2]5-CO-CH3,  «a;.dibenzoylpentane, 
CeHs-CO-rCHaJs-CO-CeHs,  and  aw-diacetylbutane, 

CH3-CO-[CH2]4-CO-CH3, 

and  have  nearly  completed  our  experiments  on  the  behaviour  of  these 
compounds  towards  dehydrating  and  reducing  agents.  In  the  present 
paper,  we  describe  the  preparation  and  properties  of  aw-diacetyl- 
pentane  and  the  corresponding  dibeuzoyl-compound,  and  give  also  a 
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phort  account  of  several  less  important  substances  which  have  been 
obtained  in  the  course  of  this  investigation. 

Preparation  of  Ethyl  Methyldehydrohexonecarboxylate  and  Acetuhntijl 

Bromide. 

In  previous  researches  in  which  ethyl  methyldehydrohexoneciir- 
lioxylate  has  been  employed,  this  substance  was  always  prepared  by 
treating  2  mols.  of  ethyl  acetoacetate  with  2  mols.  of  sodium  etliylate 
and  1  mol.  of  trimethylene  bromide,  thus: — 

2CH3-CO-CHNa-COOaH5  +  CsHeBr^  = 

^Q^  ^>CH^''"^'  +  CHa-CO-CH^-COOC.Hs  +  2NaBr. 

CH.,  •  CH2 

The  objection  to  this  method  is,  that  one-half  of  the  ethyl  aceto- 
acetate is  regenerated,  and  this  on  subsequent  fractionating  can  bo 
separated  only  very  partiajly  from  the  ethyl  methyldehydrohexont- 
carboxylate,  and  is  thus  practically  wasted. 

As  it  was  necessary  for  us  to  employ  large  quantities  of  this  sub- 
stance, we  have  made  a  number  of  experiments  with  a  view  to 
improve  the  method  of  preparation.  As  the  result  of  these  we  find 
the  following  process  to  give  the  best  results  : — 

130  grams  of  ethyl  acetoacetate  are  added  in  small  quantities  at  a 
time  to  a  cold  solution  of  23  grams  of  sodium  in  250  grams  of  absolute 
alcohol,  care  being  taken  that  the  temperature  of  the  mixture  does 
not  rise  above  40°;  202 — 205  grams  of  trimethylene  bromide  are  now 
added,  and  the  whole  heated  to  boiling  in  a  water-bath,  in  a  flask  con- 
nected with  a  reflux  apparatus.  As  soon  as  the  solution  begins  to 
boil,  the  separation  of  sodium  bromide  commences  and  a  vigorous 
reaction  sets  in,  the  heat  evolved  being  suSicieut  to  keep  the  whole 
boiling  for  a  considerable  time. 

After  heating  for  about  1^  hours,  the  product  is  well  cooled  and 
gradually  mixed  with  a  further  quantity  of  23  grams  of  sodium  in 
250  grams  of  absolute  alcohol :  the  same  precautions  as  to  temperature 
being  observed  as  in  the  first  instance.  The  contents  of  the  flask  are 
again  heated  in  the  water-bath,  when  a  further  separation  of  sodium 
biomide  occurs.  After  boiling  for  about  an  hour  the  alcohol  is  dis- 
tilled off,  the  residue  mixed  with  water,  the  product  extracted  twice 
with  a  large  quantity  of  ether,  and  the  ethereal  solution  washed,  dried 
over  calcium  chloride,  and  evaporated.  The  oily  product,  which 
should  weigh  from  155  to  160  grams,  is  distilled  at  the  ordinary 
pressure,  and  the  following  fractions  collected  : — 
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80—200°  =  about  15  grams. 
200—240    =  128— 133  grams. 
Residue      =  about  10  grams. 

The  thermometer  rises  rapidly  to  200°,  ouly  small  quantities  of 
alcohol,  ether,  and  a  little  unchanged  trimethylene  bromide  passing 
over  below  this  temperature,  a  proof  that  practically  the  whole  of  the 
ethyl  acetoacetate  had  been  converted  into  ethyl  methyldehydrohexone- 
carboxylate. 

The  fraction  200 — 240°  is  an  almost  colourless  oil,  which  consists, 
in  spite  of  the  wide  range  of  temperature,  of  nearly  pure  ethyl 
iiieth^'ldehydrohexonecarboxylate,  tbe  yield  of  which  is  generally  83 
to  b6  per  cent,  of  the  theoretical,  and  in  some  cases,  with  very  careful 
working,  as  much  as  90  per  cent,  has  been  obtained.  Its  formation  by 
tiiis  new  method  is  represented  by  the  equations — 

(1.)  CHa-CO-CHI^a-COOCHs  +  CaHeBro  = 

CH3-C0-CH-C00a.H 

CH^-CHa-CHjBr. 
.    (2.)  CHrC(0Na):C-C00C,H5         CHa-CziZZZlC-COOCjHa 

,BrCH,.CH-CH,  =      0<,„  >CH,+  NaBr. 

KjH-i 0x12 

The  high  boiling  residue  left  in  the  i-etort  is  probably  the  product 
of  the  action  of  2  mols.  of  ethyl  acetoacetate  on  1  mol.  of  trimethylene 
bromide.     It  is  at  present  under  investigation. 

Acetohutyl  Bromide,  CHa-CO'CHo-CH/CH/CH.Br. 

In  preparing  acetobutyl  bromide,  the  fractionated  ethylic  methyl- 
dehydrohexonecarboxylate  is  dissolved  in  about  three  times  its  volume 
of  a  saturated  solution  of  hydrogen  bromide  (sp.' gr.  about  1'7),  and 
the  mixture  allowed  to  stand  for  24  hours:  The  whole  is  then  poured 
into  a  large  volume  of  cold  water  and  the  precipitated  oil  separated. 
The  solution  still  contains  a  considerable  quantity  of  the  bromide, 
which  can  be  completely  extracted  with  ether  if  the  solution  is  fii-st 
neutralised  with  soda.  The  separated  oil  and  the  ethereal  solution 
are  mixed  together,  washed  with  dilute  sodium  carbonate  solution, 
dried  over  calcium  chloride,  and  the  ether  distilled  off. 

The  acetobutyl  bromide  is  thus  obtained  as  a  brow^nish  oil,  the 
yield  of  the  crude  pioduct  being  about  86  per  cent,  of  the  theoretical. 
The^crude  bromide  is  now  fractioned  under  diminished  pressure,  when 
the  greater  portion  distils  at  a  constant  temperature  (under  15U  mm. 
at  155 — 160';  under  90  mm.  at  135  — 137°),  leaving  as  a  residue  a 
(lark-ly-own  oil,  aiuuuuting  to  about  16  to  20  per  cent,  of  the  whole. 
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Ethyl  ixu'-Diacetylcaproate. 

When  acetobutyl  bromide  is  warmed  with  an  alcoholic  solution  of 
ethyl  sodacetoacetate,  sodium  bromide  separates,  and  ethyl  an-di- 
acetylcaproate  is  formed,  thus:  — 

CHj-CO-CHNa-COOCoHs  +  CH3-C0-CH,CH,-CH,-CHo.Br 
CHa-CO-CH-COOCHs 
=  CHj-CH/CHvCH^-CO-CHa  "^  ^''^"'• 

In  preparing  this  substance,  80  grams  of  ethylic  acetoacetate  were 
dissolved  in  a  solution  of  14  grams  of  sodium  in  150  grams  of  abso- 
lute alcohol,  110  grams  of  acetobutyl  bromide  added,  and  the  whole 
heated  on  a  water-bath  in  a  flask  connected  with  a  reflux  condensei'. 
As  soon  as  the  mixture  came  to  the  boiling  point,  sodium  bromide 
began  to  separate,  and  in  a  very  short  time  the  reaction  was  at  an 
end.  The  alcohol  was  distilled  off,  the  residue  mixed  with  water,  the 
product  extracted  twice  with  ether,  the  ethereal  solution  washed  with 
water,  dried  over  calcium  chloride,  and  the  ether  evaporated. 

The  thick,  oily  residue,  which  weighed  144  grams,  was  rcadilj 
purified  by  fractionation  under  rediiced  pressure. 

The  pure  substance  boiling  at  238 — 242°  (200  mm.  pressure)  gave 
the  following  result  on  analysis  : — 

0'1435gram  substance  gave  0*3333  gram  C0>  and  01174  gram  H,0. 

Calculated  for 

Cion^oO^.  Found. 

C    63'16  per  cent.  63*34  per  cent. 

H 8-77         „  909 

O    28-07         „  27-57 

Ethyl  «w-diacetylcaproate  is  a  thick,  colourless  oil,  having  a  faint 
odour.  It  is  almost  insoluble  in  water,  but  readily  miscible  with 
ether  and  alcohol. 

Hydrolysis  of  Ethyl  xu-Diacetylcaproate. 

The  action  of  caustic  potash  oh  ethyl  aa;-diacetylcaproate  may  take 
place  in  one  of  the  following  three  ways,  according  to  the  conditions 
of  the  experiment : — 

1st.  When  the  etheral  salt  is  mixed  with  an  excess  of  a  solution  of 
strong  potash  in  methyl  alcohol  and  allowed  to  stand  in  the  cold, 
«uj-diacetylcaproic  acid  is  formed,  thus  : — 

CH.-CO-CH-COOaHs  CHa-CO-CH-COOK 

CH3-C0-[CH,],-CH,  =     CH,-C0-[CH]3-CH, 

+  KOH  -H  CaHi-OH. 
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2ndly.  When  the  ethereal  salt  is  hjdrolysed  by  boiling  with  dilute 
alcoholic  potash,  aw-diacetylpentane  is  formed,  thus  : — 

CHs-CO-CH-COOCaHg  CU.'GO-CH, 

CH,-CO-[CH2]3-CH2  +  2K0H  =  CHj-CO'CCH^ls-CH^ 

a<«*-Diacetylpentane. 

+  K0CO3  +  aHs-OH. 

3rdly.  When  the  hydrolysis  takes  place  in  the  presence  of  a  large 
excess  of  boiling  alcoholicj  potash,  besides  «w-diacetylpeiitane, 
w-acetylcaproic  acid  is  formed,  thus: — 

CH3-C0.CH-C00aH.  _  ,  r  H  OH 

+  CH3-CO-[CH2]6-COOK. 

Potassium  tu-acetylcaproate. 


.    ,   .,  CHs-CO-CH-COOH 

...I)^acefylcapro^c  And,  ch3.CO-[CH.]3-CH. 

This  acid  is  prepared  by  dissolving  the  crude  ethereal  salt  in  an 
excess  of  a  cold  saturated  solution  of  pure  potash  in  methyl  alcohol, 
and  allowing  the  mixture  to  stand  for  24  hours.  The  resulting 
slightly  brownish  solution  is  placed  over  sulphuric  acid  in  a  vacuum 
until  nearly  all  the  alcohol  has  evaporated,  the  residue  dissolved  in 
Avater  and  repeatedly  extracted  with  ether  to  remove  traces  of 
diacetylpentane  which  are  invariably  formed  duinng  the  reaction. 
The  alkaline  solution  is  carefully  acidified  with  dilute  sulphuric  acid, 
the  clear  liquid  extracted  several  times  with  pure  ether,  the  ethereal 
extract  dried  over  calcium  chloride  and  evaporated  at  a  low  tem- 
jierature  on  a  water-bath.  The  resulting  slightly  yellowish  oil,  after 
the  i"emoval  of  the  last  traces  of  ether,  consists  of  nearly  pure 
aw-diacetylcaproic  acid,  as  the  following  analysis  shows : — 

0"1769  gram   substance  gave  03886  gram   CO2  and  0'1326  gram 
HoO. 

Calculated  for 

CJ0H16O4.  Found. 

C    60-00  per  cent.  5991  per  cent. 

H 8-00         „  8-33 

0   3200        „  31-76 

Diacetylcaproic  acid  is  miscible  with  water  in  all  proportions,  the 
solution  reacting  strongly  acid  ;  the  addition  of  a  drop  of  ferric 
chloride  to  this  solution  produces  a  slight  brownish-violet  coloration. 
If  a  small   quantity  of  the  acid   is  gently  heated  in  a  test-tube,  car- 
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bonic  anhydride  is  evolved,  and  the  resulting  oil,  on  distillation, 
solidifies  on  the  cooler  portions  of  the  tube  to  colourless  plates  con- 
sisting of  pure  aw-diacetylpentane  : — 

CH/CO-CH-COOH      _  CEs-CO-CHa 

CH3-CO-[CH,]3-CH2  ~      CH3-CO-[CH2]3-CH,  '^       " 

ooi-Diacetvlcaproic  acid.  aw-Diacetjlpentane. 

The  salts  of  diacetylcaproic  acid  are  mostly  readily  soluble  in  water 
and  difl&cult  to  pi-epare  in  a  pure  condition.  The  silver  salt  is  a 
colourless,  seemingly  amoi-phous  compound,  readily  soluble  in  cold 
water.  In  an  aqueous  solution  of  the  ammonium  salt,  ferric  chloride 
prodaces  a  light  brown  precipitate,  which  is  quickly  decomposed  on 
heating ;  lead  acetate  gives  no  precipitate  in  dilute  solutions,  but 
copper  sulphate  produces  a  light  green  precipitate  readily  soluble  in 
warm  water.  Mercuric  nitrate  gives  a  white  precipitate  which 
quickly  dissolves  when  the  solution  is  warmed. 

»iv-Diacetylpentane,  CHs-CO-CHa'CH^-CHj-CHa-CO-CHa. 

In  the  first  attempts  at  preparing  this  diketone,  ethyl  aw-diacetyl- 
caproate  (1  mol.)  was  mixed  in  the  cold  with  a  dilute  solution 
of  potash  (2  mols.)  in  methyl  alcohol,  and  after  standing  for 
two  days  a  further  quantity  of  potash  (4  mols.)  was  added,  and  the 
mixture  boiled  for  six  hours.  After  distilling  off  the  alcohol,  the 
residue  was  dissolved  in  water,  the  product  extracted  with  ether,  the 
ethereal  solution  dried  over  calcium  chloride  and  evaporated.  A  slightly 
yellowish  oil  was  obtained  containing,  besides  diacetylpentane,  a  second 
substance  which  is  with  difficulty  separated  by  fractional  distillation. 
It  could  be  removed,  however,  by  shaking  with  sodium  hydrogen 
sulphite  solution,  collecting  the  solid  double  compound  with  diacetyl- 
pentane which  is  formed,  washing  this  with  ether,  and  decomposing 
with  sodium  carbonate.  In  this  way  a  beautiful  crystalline  substance 
was  obtained  which  gave  the  following  numbers  on  analysis  : — 

0"l-5'28  gram   substance  gave  0"3890  gram  CO2  and  0"I435  gram 

Calculated  for 

CgHjgO-j.  Found. 

C 69"23  per  cent.      69'4  per  cent. 

H 10-26    „        10-4 

0 20-51    „        20-2 

As  this  process  was  very  inconvenient  for  the  preparation  of  large 
quantities  of  this  substance,  experiments  were  made  with  the  object 
of  improving  the  yield,  and  as  a  result  the  following  method  wa.s 
fi>und  to  give  the  largest  quantity  of  pure  diketone. 
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Rather  more  than  the  calculated  quantity  of  potash  required  for 
hydrolysis  (2  mols.)  is  dissolved  in  a  little  methyl  alcohol,  with  the 
addition  of  a  few  drops  of  water  ;  about  one  third  of  this  solution  is 
mixed  with  the  ethyl  diacetylcaproate  and  the  mixture  heated  to 
hoilino-  on  the  water-bath,  in  a  flask  connected  with  a  reflux  ap- 
paratus, for  about  five  minutes,  during  which  operation  a  quantity  of 
potassic  carbonate  separates.  Another  third  of  the  alcoholic  potash 
is  now  added  and  the  heating  continued.  In  about  10  minutes  the 
i-emainder  of  the  potash  is  poured  in,  the  alcohol  at  once  distilled  off 
and  the  residue  mixed  with  water. 

The  product  is  extracted  two  or  three  times  with  ether,  the  extract 
dried  over  calcium  chloride,  and  the  etlier  evaporated.  In  this  way  an 
almost  colourless  residue  is  obtained  which  may  readily  be  purified 
by  fractionation  under  reduced  pressure. 

The  approximate  yield  of  the  crude  substance  is  50 — 52  grams 
from  100  grams  ethyl  diacetylcaproate.  This  oil  on  fractioning  behaves 
somewhat  curiously.  Thus,  under  a  pi-essure  of  300  mm.  the  ther- 
mometer rises  rapidly  to  170°,  between  which  temperature  and  190° 
about  5  per  cent,  distils,  as  a  colourless  oil  which  on  cooling  shows 
no  signs  of  solidifying.  The  distillate  between  190°  and  219°  solidi- 
fies entirely,  and  forms  about  90  per  cent,  of  the  whole,  and  on  several 
occasions  it  was  noticed  that  although  the  substance  gave  good 
numbers  on  analysis  it  still  possessed  no  constant  boiling  point.  In 
order  if  possible  to  settle  this  point,  the  pure  solid  substance  was 
refractioned  under  240  mm.  pressure  without,  however,  any  very 
definite  boiling  point  being  noticed.  In  fractioning  large  quantities, 
the  nearest  approach  to  a  constant  boiling  point  has  been  212 — 215° 
(300  mm.),  and  175—178°  (130  mm.). 

An  analysis  of  the  substance  fractioned  in  this  way  gave  the  follow- 
ing nurnbers : — 

0-1725  gram  substance  gave  0-4367  gram  COj  and  0-1617   gram 
H2O. 

Calculated  for 

C9H16O2.  Found. 

C    69-23  per  cent.  6904  per  cent. 

H   10-26         „  10-41 

0 20-51         „  20-55 

etu-Liacetylpentane,  purified  by  washing  with  ether  on  a  porous 
plate,  melts  at  about  48 — 49°.  It  is  readily  soluble  in  cold  ether, 
alcohol,  acetone,  chloroform,  and  warm  light  petroleum.  Small 
particles  thrown  on  to  water  move  about  rapidly  with  a  rotatory 
motion,  and  gradually  dis.solve ;  but  separate  again  on  the  addition 
of  potassic  carbonate.     When  shaken  for  some  time  with  a  saturated 
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solution  of  hydrogen  sodium  sulpliite,  diacetjlpentane  gradually  com- 
bines with  it  to  form  a  solid,  scmiciystalline  substance  which  was  net 
analysed.  This  double  conij)onnd  is  soluble  in  cold  water,  but  wln-n 
heated  with  water  or  treated  with  acids,  the  diketone  separates  as  an 
oil  v/hich  readily  solidifies  on  cooling. 

Diacetylpentane  dis.solves  in  a  concentrated  aqueous  solution  of 
hydrogen  bromide,  and  on  boiling  and  adding  water  a  heavy  oil  is 
precipitated  which  smells  strongly  of  peppermint ;  this  is  at  present 
under  investigation.  The  diketone  dissolves  very  readily  and  ap- 
parently without  decomposition  in  concentrated  nitric  acid,  but  on 
heating  nitrous  fumes  are  evolved,  and  considerable  quantities  of  an 
acid,  apparently  oxalic  acid,  is  formed.  The  solution  of  diacetyl- 
pentane in  chloroform  absorbs  bromine  very  rapidly,  with  evolution  of 
streams  of  hydrogen  bromide.  After  adding  the  bromine  till  a  pei'- 
manent  coloration  was  produced,  the  solution  was  allowed  to  evapo- 
rate spontaneously  ;  an  oily  bromide  remained  which  did  not 
solidify  even  after  long  standing  and  was  therefore  not  analysed. 
aoj-Diacetylpentane  dissolves  in  concentrated  sulphuric  acid  with 
evolution  of  heat  and  formation  of  a  colourless  oil  which  has  the 
composition  CgHuO.  This  substance,  which  is  also  formed  when  the 
diketone  is  boiled  with  alcoholic  potash,  is  of  considerable  interest, 
and  will  be  fully  described  in  a  subsequent  paper.  The  behaviour  of 
diacetylpentane  towards  reducing  agents  is  also  being  carefully  in- 
vestigated, and  we  hope  soon  to  be  able  to  communicate  the  results  of 
the.se  investigations  to  the  Society. 

aw-Biacetylpenianedioxime,  CH3-C(NOH)-[CH2]6-C(NOH)-CH3. 

Before  proceeding  any  further  with  the  investigation  of  the  di- 
acetylpentane it  was  thought  necessary  to  prove  its  constitution  by 
the  preparation  of  a  dioxime.  This  substance  is  readily  obtained  by 
treating  the  diketone  in  dilute  alcoholic  solution  with  a  slight  excess 
of  hydroxylamine  hydrochloride  and  potassic  carbonate.  After 
standing  for  two  days  at  the  ordinary  temperature,  water  was  added, 
the  clear  solution  extracted  with  ether,  the  extract  washed  with 
water,  dried  over  calcium  chloride,  and  the  ether  evaporated.  The 
resulting  colourless  viscid  oil  was  placed  over  sulphuric  acid  under 
diminished  pressure,  to  cry.stallise.  The  crystalline  cake  thus  ob- 
tained w^as  spread  on  a  porous  plate  to  remove  traces  of  oily  mother- 
liquor,  and  further  purified  by  recrystallisation  from  a  mixture  of 
benzene  and  light  petroleum. 

The  analysis  gave  the  following  results  : — 

I.  01770  gram  substance  gave  01o82  gram  HoO  and  0-3764  gram 
COs. 
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II.  01 745  gram  substance  gave  233  c.c.  N  at  16°  and  752  mm. 

Found. 

Calculated  for  ( '^— ^ 

C9H18N2O.,.  I.  II. 

C 58-06  p.  c.  57-99  —     p.  c. 

H 9-68     „  9-92  —       „ 

N 15-05     „  —  15-34    „ 

O 17-21     „  _  _ 

Diacetylpentanedioxime  separates  from  a  mixture  of  boiling  benzene 
and  light  petroleum,  on  cooling,  in  the  form  of  a  crystalline  powder. 
From  water,  in  which  it  is  moderately  soluble,  it  separates  in  colour- 
less moss-like  crystals,  melting  at  84 — 85°.  It  is  readily  soluble  in 
cold  acetone,  glacial  acetic  acid,  methyl  alcohol,  and  in  warm  benzene 
and  ethyl  acetate,  but  only  sparingly  soluble  in  boiling  and  almost 
insoluble  in  cold  light  petroleum.  It  dissolves  freely  in  cold  dilute 
soda  and  in  concentrated  sulphuric  acid,  forming  colourless  solutions. 
When  heated  in  small  quantity  in  a  test-tube,  it  distils  with  very 
slight  decofnposition  in  the  foi*m  of  a  yellowish  oil,  which  quickly 
solidifies. 

(^-Acetylca^roic  Acid,  CHa-CO-CHi-CH^-CHs-CH^-CH/COOH. 

This  acid  is  formed,  together  with  aw-diacetylpentane,  when  ethyl 
aw-diacetylcaproate  is  hydrolysed,  as  described  above,  with  boiling 
methyl  alcoholic  potash,  and  remains  as  potassium  salt  when  the 
dikytone  is  extracted  with  ether. 

To  isolate  the  acid,  the  alkaline  solution  is  acidified,  extracted 
about  10  times  with  ether,  the  ethereal  solution  dried  over  calcium 
chloride,  and  the  ether  evaporated.  A  brown  sour-smelling  oil  is 
obtained,  the  quantity  of  which  varies  according  to  the  strength  of 
the  potash  employed.  The  purification  of  the  crude  acid  is  attended 
writh  very  considerable  loss,  as  the  salts  are  mostly  readily  soluble  in 
water,  and  the  acid,  when  very  impure,  is  almost  entirely  decomposed 
when  distilled  under  diminished  pressure.  Attempts  to  purify  the 
acid  by  means  of  the  ethyl  salt  were  also  unsuccessful,  as  when 
hydrogen  chloride  is  passed  into  an  alcoholic  solution  of  the  acid  the 
mixture  darkens  rapidly,  and  the  product  seems  to  consist  of  some 
complicated  condensation-compounds  containing  chlorine. 

The  acid  was  obtained  in  a  pure  state  as  follows  : — Ttie  crude  oil  is 
dissolved  in  excess  of  boiling  baryta,  a  stream  of  carbonic  anhydride 
passed  through  the  hot  solution,  and,  after  filtering,  the  solution  is 
acidified  and  extracted  8  to  10  times  with  ether.  The  almost  colour- 
less oil  which  remains,  when  the  ether  is  distilled,  is  again  dissolved 
in   boiling   baryta,    and   the    process    repeated.       The   acid    is   thus 
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obtained  in  the  form  of  a  colourless  oil,  which,  however,  as  Avas 
shown  by  analysis,  still  contains  a  large  quantity  of  some  compound 
richer  in  carbon.  It  is  dissolved  in  concentrated  ammonia,  the 
solution  evaporated  to  dryness  at  the  ordinary  temperature,  and  the 
residual  brownish  ammonium  salt  kept  for  some  time  on  a  porous 
plate  to  free  it  from  oily  impurities.  The  colourless  salt  is  dissolved 
in  water,  the  acidified  solution  extracted  with  pure  ether,  the  extract 
dried  over  calcium  chloride,  and  evaporated.  Acetylcaproic  acid 
remains  as  a  colourless  oil,  which  immediately  solidities  to  a  mass  of 
colourless  crystalline  plates,  melting  at  29 — 30",  and  readily  soluble 
in  water.  This  acid  has  also  been  obtained  by  one  of  us,  in  conjunc- 
tion with  Dr.  Colman,  by  treating  ethyl  malonate  and  sodium 
ethoxide  with  acetobutyl  bromide,  hydrolysing  the  ethereal  salt,  and 
distilling  the  resulting  bibasic  acid. 

The  silver  salt,  CH3-CO-[Cfl2]5'COOAg,  prepared  by  precipitating 
a  neutral  aqueous  solution  of  the  ammonium  salt  with  silver  nitrate, 
crystallises  from  boiling  water,  in  which  it  is  very  readily  soluble,  in 
colourless  plates,  and,  after  drying  over  sulphuric  acid,  it  was 
analysed  with  the  following  results  : — 

0"2430  gram  of  the  salt  gave  0"098o  gram  of  silver. 

Calculated  for 
CsBy^O^Ag.  Found. 

Ag 40"t)8  per  cent.  4053  per  cent. 

Action  of  Alcoholic  Ammonia  on  Ethyl  xni-Diacetylcaproate. 

The  first  attempts  to  prepare  large  quantities  of  pure  diacetyl- 
pentane  were  not  attended  with  much  success,  and  it  was  thought 
expedient  to  try  and  purify  the  crude  ethyl  diacetylcaproate  by  con- 
verting it  into  a  crystalline  ammonia  compound,  analogous  to  that 
obtained  in  the  case  of  ethyl  diacetyladipate. 

The  ethereal  salt  (42  grams)  was  therefore  dissolved  in  8 — 10 
volumes  of  absolute  alcohol,  the  solution  saturated  with  anhydrous 
ammonia  at  the  ordinary  temperature,  and  kept  for  about  two  days. 
The  solution  was  again  saturated  with  ammonia,  and  after  keeping 
for  three  days  the  alcohol  was  evaporated  over  sulphuric  acid.  A 
considerable  quantity  (6  grams)  of  a  crystalline  compound  gi^adually 
separates  from  the  solution.  The  crystals  were  filtered  from  the 
mother-liquor,  spread  on  a  plate  to  free  them  from  adherent  oil,  and 
then  boiled  with  a  mixture  of  ethyl  acetate  and  methyl  alcohol  in- 
sufficient to  dissolve  more  than  about  half  the  whole.  The  residue 
was  completely  dissolved  in  a  mixture  of  ethyl  acetate  and  methyl 
alcohol,  and  the  crystalline  compound  which  separated  on  cooling, 
recrystallised  from  methyl  alcohol.     A  compound,  doHisOaN,  is  thus 
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obtained   in  compact  colourless    crystals,   whicli,    after    drying    over 
sulphuric  acid,  gave  the  following  results  on  analysis : — 

I.  0"1648    gram    of     substance    gave     0"3994     gram     COo     and 
0-1280  gram  HoO. 
II.  0"0917  gram  substance  gave  5"9.5  c.c.  N  at  12"  and  750  mm. 

Found. 

Calculated  for  ,. '- ^ 

CjoHlA^-  I-  II- 

C 6<i'3  p.  c.  66'1         —  p.  c. 

H 8-3     „  8-6         —     „ 

N 77     „  —  7-6     „ 

0 17-7     „  _  _ 

This    substance,    as   will   be    shown    hereafter,    is   most   probably 
dehydrodiacetylcafpronamide,  and  has  the  constitution — 

CH,-C0-CH/CH2-CH,-CH,-C<^^^>NH. 

It  separates  from  cold  methyl  alcohol  in  large  compact  crystals, 
which  have  been  very  kindly  measured  by  Professor  Haushofer,  who 
gives  the  following  account  of  his  observations  : — 
"  Crystalline  form  nionoclinic. 

a:b:c  =  07487  :  1  :  0-3997. 
y3  =  79°  11'. 
Plates    or    small    prisms    of    the    combination    coFco(lOO)  =  a, 
oo-Pco(OlO)  =  h,  -Poc(lOl)  =  r,Poo(10i)  =  .9,  ooP(llO)  =  p,  very 
small,  occurring  seldom  and  difficult  to  measure ;    2Eco(021)  =  q. 

Observed.  Calculated. 

a:r  =  (100)(101)  =  126°  18'  — 

a:s=  (100)(101)  =  109  26  — 

a  :  JO  =  (100)  (110)  =  126  20  — 

r  :s'=  (101)(i01)  =  124  19  124°    16' 

r:  s   =  (101)(101)  =  55  49  55      44 

q:  s'  =  (021)  (101)  =  approx.  133  132      48 

q:r  =  (021)(101)  =       „        136  135      14  " 
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The  plane  of  tlii' optii-al  axes  is  tlie  plane  of  symnied-y  ;  one  axis 
meets  the  surface  a,  the  other  surface  ^^  both  apparently  near  the 
edge  ajs. 

Dehydrodiacetylcaproiiamide  melts  at  233 — 235"  with  previous 
softening  and  slight  decomposition,  and  when  heated  in  small  quan- 
tities at  a  higher  temperature,  it  is  decomposed  with  evolution  of 
ammonia,  or  some  volatile  base.  It  is  readily  soluble  in  cold  glacial 
acetic  acid  and  in  mineral  acids,  and  moderately  soluble  in  hot  methyl 
alcohol  and  ethyl  acetate,  but  only  sparingly  in  cold  benzene,  and 
almost  insoluble  in  boiling  acetone.  When  boiled  with  water  it 
gradually  dissolves,  and  is  partially  converted  into  diacetylcapron- 
amide,  which  is  much  more  readily  soluble  ;  on  cooling,  a  considerable 
quantity  of  the  dehydro-compound  separates  immediately  in  beautiful, 
short,  thick,  transpai'ent  plates,  and  the  filtrate  contains  the  amide, 
which  separates  slowly  in  flat,  transparent,  efHoresceftt  plates,  when  the 
solution  is  allowed  to  evaporate  at  the  ordinary  temperature.  It  is 
slowly  decomposed  when  boiled  with  soda,  considerable  quantities  of 
ammonia  being  evolved,  and  the  characteristic  peppermint  smell  of 
the  compound  CgHuO  being  distinctly  pei'ceptible. 

The  constitution  of  this  compound  seems  to  be  proved  by  the 
following  experiments  : — 

(1.)   It  yields  an  acetyl-derivative  and  a  nitroso-compound. 

(2.)  It  is  readily  hydrolysed  by  cold  alcoholic  potash,  being  con- 
verted into  a.*j-diacetylcaproic  acid. 

(3.)  When  boiled  with  water,  it  takes  up  1  mol.  H2O,  yielding 
diacetylcapronamide. 

AcetyldehydrodiacetylGapronamide,   CH3'CO*[CH2]4*C<^^,q_^^^^- 

•  When  dehydrodiacetylcapronamide  is  boiled  with  excess  of  acetic 
anhydride  for  about  four  hours,  it  is  converted  into  an  acetyl-derivative. 
To  isolate  the  product,  the  acetic  anhydride  is  partially  removed  by 
distillation,  the  residue  mixed  with  water,  and  after  keeping  for  some 
time  the  whole  extracted  two  or  three  times  with  ether.  The  ethereal 
solution  is  washed  with  water  and  sodium  carbonate  solution  until 
free  from  acetic  acid,  dried  over  calcium  chloride,  and  the  ether  evapo- 
rated. 

Acetyldehydrodiacetylcapronamide  remains  as  an  almost  colourless 
oil,  and  as  it  could  not  be  obtained  in  a  crystalline  condition,  the 
crude  product  was  kept  over  sulphuric  acid  for  about  two  days  and 
then  analysed,  with  the  following  results  : — 

0'1535  gram  of  substance  gave  0'3585  gram  CO2  and  0  1070  gram 
H2O. 
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Calculated  for 
Ci;H,;0.,N.  Found. 

C 64'57  per  cent.  63"70  per  cent. 

H    7-62         „  7-74 

N 6-28         „  — 

0    21-53        „  — 

A  nitroso-compound  was  prepared,  in  small  quantity,  by  treating  a 
cold  dilute  hydrochloric  acid  solution  of  dehydrodiacetylcaprouamide 
with  the  calculated  quantity  of  sodium  nitrite,  and  extracting  the 
product  with  ether.  A  colourless  oil  was  obtained ;  it  dissolved  in 
soda  with  a  transient  yellow  coloration,  but  owing  to  the  small  quan- 
tity at  our  disposal  it  was  not  analysed. 

Uehydrodiacetylcapvonamide  is  decomposed  by  a  cold  concentrated 
solution  of  alcoholic  potash,  yielding  ammonia  and  afw-diacetylcaproic 
acid.  A  small  quantity  of  the  dehydro-compound  was  dissolved  in 
cold  methyl  alcoholic  potash,  the  solution  kept  for  two  days,  and  the 
alcohol  evaporated  at  the  ordinary  temperature.  The  cesidue  was 
dissolved  in  water,  the  solution  extracted  with  ether  to  remove  any 
diacetylpentane  which  might  have  been  formed,  then  acidified  with 
dilute  sulphuric  acid,  and  the  acid  extracted  with  pure  ether.  A 
colourless  oil  remained  when  the  dried  ethereal  solution  was  evapo- 
rated, and  the  crude  product,  after  keeping  for  24  hours  over 
sulphuric  acid,  was  analysed  with  the  following  results  : — 

0-1703  gram  of  substance  gave  0  3748  gram  CO2  and  0-1288  gram 

H2O. 

Calculated  for 

C10H16O4.  Found. 

C 60-0  per  cent.  60-0  per  cent. 

H   8-0         „  8-4 

0 32-0        „  31-6 

That  this  acid  is  in  reality  diacetylcaproic  acid  is  further  proved 
by  the  following  experiments : — When  heated  at  about  100°,  rapid 
evolution  of  carbonic  anhydride  occurs,  and  on  heating  more  strongly 
the  whole  distils  in  the  form  of  a  colourless  oil,  and  quickly  solidifies. 
The  solid  distillate  was  found  to  be  identical  with  diacetylpentane, 
and,  like  the  last-named  compound,  on  boiling  with  potash  it  gives 
out  a  strong  smell  of  peppermint,  due  to  the  formation  of  the  com- 
pound C9H14O.  When  the  dehydro-compound  is  boiled  with  water, 
it  is  converted  into  diacetylcapronamide. 

aw-Diacetylcapronamide,  CH:3-CO-[CH2]4-CH(COMe)-CONH2. 

This  amide  is  most  probably  formed,  together  with  its  dehydro- 
derivative,  when  ethyl  diacetylcaproate  is  treated  with  alcoholic 
ammonia  as  described  above ;  but  as  the  two  compounds  show  great 
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similarity  in  their  behaviour  towards  most  solvents,  they  cannot 
easily  be  separated  by  fractional  crystallisation.  The  amide  is  best 
prepared  in  a  pure  state  by  boiling  the  dehydi-o-compound  for  some 
time  with  water,  separating  the  unchanged  dehydrodiacetylcapron- 
amide  which  crystallises  from  the  solution  on  cooling,  and  allowing 
the  solution  to  evaporate  at  the  ordinary  temperature.  Diacetyl- 
capronamide  sepai-ates  slowly  in  long,  thick,  ti-ansparent  needles,  or 
in  tlat,  transparent,  oblong  plates  containing  2  mols.  of  water  of 
crystallisation.  It  loses  its  water  when  kept  over  sul})huric  acid,  and 
two  determinations,  made  with  difFex'ent  samples,  gave  the  following 
lesults  : — 

I.  0'6219  gram   of  substance,  dried   between  blotting-paper,   lost 

0"0944  gram  over  sulphuric  acid. 
II.  0'6I95  gram  substance,  dried  for  a  short  time  on  a  porous  plate, 

lost  0"0995  gram  over  sulphuric  acid. 

Found. 

Calculated  for  f » ^ 

CioHiyOjN  +  2H;0.  I.  II. 

H,0 15-3  p.  c.  1518         10-04  p.  c. 

The  anhydrous  substance  was  analysed  and  gave  the  following 
I'esults : — 


U-1744  gram 

substance   gave  0"3871 

gram   COv  and  01414  gram 

HjO. 

Calculated  for 

C,oH„0;,N. 

Found. 

C   ... 

.  . , . .      60 ".SO  per  cent. 

6053  per  cent. 

H  ... 

8-54         „ 

9-0 

N  ... 

7-03         „ 

— 

Diacetylcapronamide  crystallises  from  dilute  methyl  alcohol  in  flat, 
transparent  plates  which  effloresce,  becoming  opaque  and  very  brittle 


344-  KIPPIXG    AND    PERKtX:    aoj-DIACETVLPEXTAXE 

on  exposure  to  the  air.  Some  of  these  crystals  were  measured  with 
a  microscope  provided  with  a  graduated  circle,  and  the  observations 
made  with  one  very  well-defined  crystal  are  given  below. 

Diacetylcapronamide  has  no  well-defined  melting  point,  as  when 
heated  to  about  200°  it  begins  to  soften,  and  does  not  melt  completely 
until  228°.  It  is  readily  soluble  in  cold  methyl  alcohol  and  in  glacial 
acetic  acid,  but  only  moderately  so  in  cold  ethyl  alcohol  or  water, 
nnd  very  sparingly  in  benzene,  chloroform,  ether,  and  acetone.  It 
dissolves  freely  in  warm,  concentrated  sulphuric  acid,  and  is  not  pre- 
cipitated when  the  solution  is  diluted ;  when  boiled  with  soda,  am- 
monia is  evolved,  and  the  characteristic  smell  of  the  compound 
CyHuO  is  perceptible. 

In  studying  the  formation  of  dehydrodiacetylcapronamide  from 
diacetylcapronamide,  it  is  evident  that  the  former  substance  may 
have  either  of  the  following  formulae : — 

I.  II. 

CH3-CO-[CH2]4-CH<^^^^>N-     CH3-C0-[CHo.],-C<^Q^>NH. 

The  formation  of  a  substance  represented  by  Formula  I  is  easily 
understood  from  the  following  equation  : — 

CO-Me 
CH3-CO-[CH2]4-CH-CO-NH3-H20  =  CH3CO-[CH,]4-CH<^^^^>N. 

Diacetylcapronamide. 

In  the  case  of  Formula  II  it  is  necessary  to  suppose  that  diacetyl- 
capronamide is  first  converted  into  its  labile  modification.  The  sub- 
heqiient  elimination  of  water  taking  place  thus  : — 

C(OH)Me 
CH3-CO-[CH2]4-C-CO-NH2  -H,0  =  CH3-CO-[CH2]i-C<^J^^_>NH. 

Diacetylcapronamide  (labUe  form). 

That  Formula  II  represents  the  constitution  of  dehydrodiacetyl- 
capronamide is  proved  by  the  fact  that  this  substance  yields  an  acetyl- 
aud  a  nitroso-compound,  and  that  on  hydrolysis  it  is  converted  into 
diacetylcaproic  acid. 

The  oily  mother-liquors  from  which  dehydrodiacetylcapronamide 
crystallises,  were  kept  for  a  long  time  over  sulphuric  acid,  but  no 
further  separation  of  crystals  took  place.  The  oil  was  therefore 
distilled  under  diminished  pressure ;  considerable  decomposition 
occurred,  large  quantities  of  ammonia  and  other  gases  being  evolved, 
and  a  yellow  oil  collected  in  the  receiver.     The  distillate  was  then 
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submitted  to  fractional  distillati(jii,  but  again  considerable  decom- 
position took  place,  and  the  resulting  oily  product  seemed  to  consist 
of  a  mixture  of  several  compounds,  the  sepaj-ation  of  which  has  not 
yet  been  attempted. 


In  the  course  of  our  experiments  on  the  behaviour  of  diacetyl- 
pentane  towards  dehydrating  agents,  a  compound  was  obtained,  the 
formation  of  which  from  the  diketone  might  possibly  be  due  to 
internal  change  in  one  of  the  — CH/CO — groups.  At  an  early  stage 
of  this  investigation  it  was  deemed  important  to  prepare  a  diketone 
analogous  to  diacetylpentaue  in  which  methyl  was  substituted  for  one 
of  the  hydrogen  atoms  in  one  of  the  — CH/CO —  groups.  Such  a 
diketone  should  be  obtained  by  treating  the  sodium  compound  of 
ethyl  methylacetoacetate  with  acetobutyl  bromide  and  hydrolysing 
the  resulting  ethyl  a-methyl-aa'-diacetylcaproate  ;  thus  : 

(1)  CH3-CO-CNa(CH3)-COOCoH5  +  CH,-CO-CH,.CH3-CH2-CH2Br 
CH,-C0-C(CH3)-C00C.,H, 
-  CH,-CO-[CH2]3-CH,  +  ^^^^• 

CH3-CO-C(CH3)-COOa.H5 
^'^^  CH3-CO-[CH2]3-CH,  +  2K0H 

=  CH3-CO-[CH2]4-CH(CH3)-CO-CH3  +  K^COs  +  C^Hj-OH. 

We  append  a  brief  account  of  the  experiments  which  were  carried 
out  with  this  object. 

Ethyl  x-Methyl-ccu-Diacetylcaproate, 

CH3-CO-C(CH3)-COOC2H, 
CH3-CO-[CHo]3-CH,. 

In  preparing  this  substance,  ethyl  methylacetoacetate  (32  grams) 
was  gradually  added  to  a  cold  solution  of  sodium  (5"1  grams)  in  abso- 
lute alcohol  (60  grams),  acetobutyl  bromide  (40  grams)  poured  in, 
and  the  whole  heated  to  boiling  for  about  three  hours.  The  alcohol 
was  then  distilled  off,  the  residue  mixed  with  water,  and  extracted 
several  times  with  ether,  the  extract  dried  over  calcium  chloride,  and 
the  ether  distilled  off.  The  residual  oil  (57  grams)  on  fractioning 
under  reduced  pressure  (220  mm.)  separated  ini  o  two  portions  boiling 
at  109 — 205°  and  205 — 270°  respectively.  The  higher  boiling  fraction 
was  again  distilled,  and  the  portion  boiling  at  255 — 260°  analysed 
Avith  the  following  results  :  — 

VOL.    LV.  2   c 
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Calculated  for 

Ci:,H;204.  Found. 

C 64'4G  per  cent.  64'94  per  cent. 

H 9-09         „  9-41 

0 2G-45         „  2505 

Ethyl  ^-methyli-aa'-diacetylcaproate  is  a  colourles.s  oil  possessing  a 
faint  odour.  It  is  insoluble  or  nearly  insoluble  in  water,  but  mixes 
with  alcohol  and  ether  in  all  proportions. 


a-Methyl-ccoj-Diaceti/lpeutane,  CH,j-CO-[CH2]4-CHMe-CO-CH3. 

In  preparing  this  substance,  18  grams  of  the  ethereal  salt  were 
mixed  with  a  solution  of  10  grams  of  pure  potash  in  alcohol  and 
heated  for  a  short  time  on  a  water-bath.  The  decomposition  set  in 
almost  immediately — much  potassic  carbonate  separating  out.  After 
boiling  for  about  an  hour,  the  alcohol  was  distilled  off,  the  residue 
mixed  with  water,  and  the  alkaline  product  extracted  two  or  three 
times  with  ether.  The  ethereal  solution  after  drying  over  calcium 
chloride  and  evaporating,  deposited  a  quantity  of  an  almost  colour- 
less oil  which  on  repeated  distillation  under  diminished  pressure 
(350  mm.),  hoiled  fairly  constantly  at  232 — 235°.  This  fraction  was 
analysed  with  the  following  results  : — - 

0"1705  gram  substance  gave  0'4400  gram   CO3  and  0'1632  gram. 
H,0. 

Calculated  for 

CioHisO...  Foimd. 

C 70"59  per  cent.  70"38  per  cent. 

H 10-59  „  10-64 

0 18-82  „  18-98 

ie-Methyl-a(f-diacetylpentaue  is  a  colourless,  mobile  oil,  which  even 
after  long  standing  shows  no  signs  of  crystallisation ;  as  it  has 
frequently  been  noticed  that  methyl-derivatives  of  substances  con- 
taining normal  chains  melt  at  a  lower  temperature  than  the  sabstances 
themselves,  methyldiacetylpentane  might  be  expected  to  be  an  oil 
at  the  ordinary  temperature.  The  diketone  dissolves  in  a  saturated 
solution  of  sodium  hydrogen  sulphite,  and  is  reprecipitated  on  adding 
potassic  carbonate,  but  no  crj-stalline  double  compound  was  formed, 
as  in  the  case  of  diacetylpentane. 

The  alkaline  solution,  from  which  the  diketone  was  separated  by 
extraction  with  ether,  contains  considerable  quantities  of  an  oily 
acid,  probably  a-methyl-w-acetylcaproic  acid. 


4l 
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I)ihe)izoyl[H>ntaiie. 

The  results  of  experiments  on  the  behaviour  of  diacetylpentane 
towards  dehydrating  agents  made  it  necessary  to  determine  wlietlier 
either  of  the  methyl-groups  in  this  substance  took  part  in  the  forma- 
tion of  the  compound  CjHuO,  which  has  been  referred  to  above.  If 
a  diketone  analogous  to  diacetylpentane,  but  containing  two  phenyl- 
groups  in  place  of  the  methyl  i-adicles,  was  treated  with  dehydrating 
agents  under  the  same  conditions  as  those  employed  in  the  case  of 
<liacetylpentane,  the  results  might  be  of  considerable  value  in  ascer- 
taining the  constitution  of  the  compound  CoHuO. 

With  this  view  we  treated  benzoylbutyl  bromide  witli  ethyl  sodo- 
l)cnzoylacetate  in  alcoholic  solution,  and  obtained  ethyl  aw-dibenzoyl- 
<'aproate,  the  reaction  taking  place  in  accordance  with  the 
equation — 

CcHs-CO-CH^-CHa-CHa-CHoBr  -f  CeHs-CO-CHNa-COOEt  = 

C6H5-CO-CHo-CH2-CH2-CH2-CH(COPh)-COOEt  +  NaBr. 

When  this  ethereal  salt  is  hydrolysed  with  alcoholic  potash,  it  yields 
aw-dibenzoylpentane,  potassium  w-benzoylcaproate,  potassium  ben- 
zoate,  and  potassium  carbonate — 

C6H5-CO-[CH2]4-CH(COPh)-COOEt  +  2K0H  = 

CeHs-COfCH^Js-CO-CeHs  +  K2CO3  +  C.H-OH  and 

C6H5-CO-[CH2]4'CH(COPh)-COOEfc  +  2K0H  = 

C6H5-CO-[CH.]5-COOK  +  CsHs-COOK  4-  C.Hs-OH. 

The  benzoylbutyl  bromide  employed  in  these  experiments  was  pre- 
pared by  treatingphenyldehydrohexone  with  concentrated  hydrobromic 
acid,  as  has  been  previously  described  by  one  of  us  (Trans.,  1887, 
732).  The  crystalline  product  is  dissolved  in  ether,  the  solution 
washed  with  dilute  sodium  carbonate  solution  until  free  from  hydro- 
bromic acid,  dried  over  calcium  chloride,  and  the  ether  evaporated. 
The  benzoylbutyl  bromide  is  tlius  obtained  almost  perfectly  pure  and 
quite  colourless,  and  can  be  dii-ectly  employed  for  the  preparation  of 
ethyl  dibenzoylcaproate. 

Ethyl  aw-Dibenznylcaproate,  C6H5-CO-[CH,j4-CH(COPh)-COOEt. 

To  a  solution  of  2"8  grams  of  sodium  in  absolute  alcohol  24  grams 
•of  ethyl  benzoyl  acetate  are  gradually  added,  care  being  taken  to 
keep  the  temperature  below  40° ;  a  slightly  warm  alcoholic  solution 
of  28'8  grams  of  benzoylbutjd  bromide  is  then  poured  in,  and  the 

2  c  2 
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mixture  heated  on  the  Avater-bath  -with  reflux  condenser.  Just  as 
the  alcohol  begins  to  boil,  the  separation  of  sodium  bi'omide  com- 
mences, and  after  heating  for  about  two  houi's  the  reaction  is  at  an  end. 
The  alcohol  is  removed  by  distillation,  the  residue  mixed  with  water, 
the  product  extracted  with  ether,  and  the  ethereal  solution  dried  and 
evaporated.  Ethyl  dibenzoylcaproate  (about  42  grams)  remains  as  a 
yellowish  oil,  and  if  the  substances  employed  in  the  reaction  are  care- 
fully weighed,  the  product  is  almost  perfectly  pure,  as  is  shown  by 
the  following  analysis,  made  with  a  sample  which  had  been  kept  for 
a  few  days  over  sulphuric  acid  : — 

0"1738  gram  substance  gave  0"4762  gram  COg  and  0"1112  gram  H2O. 

Calculated  for 

C00H24O4.  Found. 

C 75'0  per  cent.  74' 7  per  cent. 

H 6-8         „  7-1 

0 18-2        „  18-2 

It  is  a  thick,  yellowish  oil,  with  an  aromatic  odour,  and  insoluble  in 
water ;  even  when  kept  for  some  weeks,  it  showed  no  signs  of  solidi- 
fying. When  boiled  with  alcoholic  potash,  it  is  quickly  hydrolysed 
and  decomposed  in  accordance  with  the  above  equations. 

au-JJihenzoijlpentane,  C6H5-CO'[CH2]5-CO-C6H5. 

This  diketone  is  best  prepared  from  the  ethereal  salt  by  a  method 
similar  to  that  employed  in  the  preparation  of  diacetylpontane.  The 
crude  ethyl  dibenzoylcaproate  (20  grams)  is  boiled  for  a  short  time 
with  a  solution  of  potash  in  methyl  alcohol  (^  ll'  grams  KOH),  this 
being  added  in  small  portions  at  a  time  as  already  described.  The 
alcohol  is  distilled  off,  the  residue  tieated  with  water  to  dissolve  the 
sodium  bromide,  the  oil  extracted  with  ether,  and  the  ethereal  solu- 
tion dried  and  evaporated.  The  diketone  (14  grams)  remains  in  the 
form  of  a  thick,  yellow  oil,  which  quickly  solidifies  on  cooling  ;  after 
spreading  on  a  porous  plate  to  remove  impurities,  it  was  recrystal- 
lised  irom  hot,  dilute  methyl  alcohol,  dried  over  sulphui-ic  acid,  and 
analysed. 

0'1796  gi'am  of  substance  gave  0"53i7  gram  CO2  and  O'llSO  gram 
H2O. 

Calculated  for 

CigHonOj.  Found. 

C 81-43  per  cent.  8120  per  cent. 

H 7-14        „  7-11 

0 11-43         „  11-69 
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^xw-Dibenzoylpentane  crystallises  from  dilute  miliyl  alcohol  in 
long,  colourless  needles,  melts  at  67 — 68^,  and  when  heated  in  small 
quantities  under  the  ordinary  pressure  it  distils  at  a  temperature 
above  300°  with  only  very  slight  decomposition.  It  is  very  readily 
soluble  in  cold  acetone,  but  is  precipitated  in  microscopic  needles  on 
adding  water ;  it  dissolves  freely  in  cold  benzene  and  ether,  but  is 
only  moderately  soluble  in  cold  alcohol  and  seemingly  insoluble  in 
hot  or  cold  water.  It  is  readily  soluble  in  warm,  light  petroleum 
(70 — 90°),  and  on  cooling  it  separates  from  the  solution  almost  com- 
pletely in  very  slender  needles. 

Experiments  on  the  behaviour  of  this  diketone  towards  reducing 
and  dehydrating  agents  are  in  progress. 

Bibenzoijlpentanedioxime,  C6H5-C(NOH)-[CH..]5-C(NOH)-C6H5. 

The  dioxime  was  prepared  by  treating  the  diketone  in  alcoholic 
solution  with  hydroxylamine  hydrochloride  and  a  large  excess  of 
potash  as  recommended  by  Auwers  (Ber.,  22,  604).  After  keep- 
ing for  two  days  the  alcohol  was  distilled  off,  the  residue  mixed  with 
water,  and  the  solid  substance  which  was  precipitated  separated  by 
filtration  and  dried  on  a  porous  plate.  It  was  then  boiled  with  a 
small  quantity  of  benzene  to  remove  any  unchanged  diketone,  the 
residue  recrystallised  from  methyl  alcohol,  and  dried  at  100°.  A 
nitrogen  determination  was  made  with  the  following  result : — 

0'1701  gram  substance  gave  13'4  c.c.  of  nitrogen  measured  at  15' 
and  736  mm. 

Calculated  for 
Ci3Ho.0.No.  Found. 

N 9U3  per  cent.  923  per  cent. 

It  crystallises  from  boiling  methyl  alcohol  in  small,  glistening  needles, 
melts  at  175 — 176°,  and  is  readily  soluble  in  hot  acetone  and  glacial 
acetic  acid,  but  only  very  sparingly  in  boiling  benzene,  from  which  it 
separates  in  the  form  of  a  crystalline  powder.  It  is  very  sparingly 
soluble  in  potash,  but  dissolves  moderately  easily  in  concentrated 
hydrochloric  acid,  yielding  a  colourless  solution  from  which  it  is 
precipitated  on  adding  water. 

The  alkaline  filtrate  from  the  dioxime,  on  acidifying  with  dilute- 
sulphuric  acid,  gave  a  small  quantity  of  a  colourless  substance  which, 
after  recrystallising  from  methyl  alcohol,  melted  at  168 — 169°  with 
previous  softening,  and  consisted  probably  of  slightly  impure 
dioxime. 
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w-Bensoylcaproic  Acid,  C6H5'CO-[CHo]5-COOH. 

The  alkaline  solutions  from  which  aw-dibenzoylpentane  had  been 
extracted  as  described  above  contain  potassium  a;-benzoylcaproate  and 
potassium  benzoate.  The  free  acids  are  precipitated  on  adding  dilute 
sulphuric  acid  as  an  oil,  which  soon  solidifies  and  can  be  separated 
by  filtration.  The  quantity  of  the  crude  product  obtained  depends 
on  the  concentration  of  the  alcoholic  potash  employed.  In  one 
experiment  20  grams  of  the  ethereal  salt  was  hydrolysed  with  an 
alcoholic  solution  of  10  grams  of  potash,  and  the  crude  acid  mixture 
weighed  2  grams  ;  in  another  experiment  40  grams  of  ethyl  dibenzoyl- 
capi^oate  were  treated  with  40  grams  of  potash  in  methyl  alcoholic 
solution  and  12  grams  of  crude  acids  were  obtained. 

In  order  to  remove  the  benzoic  acid,  the  mixture  (7  grams)  is 
heated  on  a  watch-glass  at  100°  until  the  weight  becomes  constant, 
which  is  the  case  after  about  10  hours,  and  the  residue  (4"5  grams) 
recrystallised  twice  from  light  petroleum.  The  pure  compound 
melted  at  81 — 82°,  and  gave  the  following  results  on  analysis  : — 

0'1449  gram  substance  gave  0-3773  gi'am  CO2  and  0"0986  gram 
H2O. 

Calcuhited  foi- 

CigHieO;,.  Found. 

C 70-90  per  cent.  71-01  per  cent. 

H 7-27        „  7-56 

0 21-83        „  21-43 

w-Benzoylcaproic  acid  crystallises  from  boiling  light  petroleum  in 
long,  glistening,  transparent,  plates  and  from  boiling  water,  in  which 
it  is  only  sparingly  soluble,  in  slender,  microscopic  needles.  It  is  very 
readily  soluble  in  cold  methyl  alcohol,  ethyl  alcohol,  ethyl  acetate, 
and  benzene,  but  only  moderately  soluble  in  boiling  light  petroleum , 
and  almost  insoluble  in  the  cold. 

The  silver  salt  was  prepared  by  precipitating  a  neutral,  aqueous 
solution  of  the  ammonium  salt  with  silver  nitrate,  washing  the  preci- 
pitate with  cold  water,  and  drying  over  sulphuric  acid.    Analysis : — 

0-3604  gram  of  the  salt  gave  0-1186  gram  of  silver. 

Calculated  for 
CiaHisOjAg.  round. 

Ag 32-97  per  cent.  32*91  per  cent. 

is  a  colourless,  seemingly  amorphous  compound,  very  sparingly 
soluble  in  boiling  water,  which  does  not  darken  on  exposure  to  light ; 
when  heated,  it  turns  a  beautiful  peacock-green. 
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The  cadmium  salt,  prepar^jd  by  treating  an  aqueous  sedation  of  tlio 
ammonium  salt  with  cadmium  chloride,  separates  from  hot  water  in 
colourless  microscopic  needles.  Mercuric  nitrate  produces  in  aqueous 
solutions  of  the  ammonium  salt  a  colourless,  flocculent  precipitate 
which  is  soluble  in  boiling  water.  Lead  acetate  gives  a  white, 
amorphous  precipitate,  copper  sulphate  a  bluish-green  precipitate, 
and  ferric  chloride  a  flesh-coloured  precipitate.  The  barium  salt  and 
the  calcium  salt  are  granular,  crystalline  compounds  readily  soluble 
in  hot  water. 

Oxime  of  w-Benzoylcaprolc  Acid,  CcH-/C(X0H)-[CH>]5-C00H. 

w-Benzoylcaproic  acid,  dissolved  in  alcohol,  was  treated  with 
hydroxylamine  hydrochloride  and  a  large  excess  of  potash,  and  the 
solution  kept  for  two  days  at  the  ordinary  temperature.  The  alcohol 
was  then  partially  distilled,  the  residue  mixed  with  water,  acidified 
with  dilute  hydrochloric  acid,  and  the  precipitated  oil  extracted  with 
ether;  the  ethereal  solution  was  washed  once  or  twice  with  dilute 
hydrochloric  acid,  and  then  with  water,  diied,  and  the  ether  evapo- 
rated. The  oxime  remained  as  a  yellowish  oil,  which,  when  kept 
"over  sulphiTric  acid  under  diminished  pressure,  gradually  solidified. 
It  was  spread  on  a  porous  plate,  washed  with  a  little  light  petroleum, 
dissolved  in  cold  benzene,  and  precipitated  from  the  solution  with 
light  petroleum. 

The  oxime  of  benzoylcaproic  acid  is  thus  obtained  in  colourless, 
microscopic  needles  melting  at  about  7b°.  A  nitrogen  determination 
gave  the  following  results  :— 

0"1996  gram  substance  gave  10"25  c.c.  N  at  14°  and  740  mm. 

Calculated  for 
C^HijOsN.  Found. 

N    o*96  per  cent.  5'88  per  cent. 

It  is  very  readily  soluble  in  ether  and  cold  benzene,  but  only 
sparingly  in  hot  water,  and  almost  insoluble  in  cold  light  petroleum. 
It  dissolves  freely  in  caustic  alkalis  and  in  concentrated  hydrochloric 
acid,  but  it  is  partially  reprecipitated  when  the  acid  solution  is 
diluted. 
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■  XXXVIII. — Acetopropijl  Alcohol  and  Acetohiityl  Alcohol. 

By  Hakold  G.  Colman,  M.Sc,  Ph.D.,  and  W.  H.  Perkin,  Junr. 

In  a  previous  communication  to  the  Society  (Trans.,  1887,  51,  702), 
it  was  shown  by  one  of  us  that  acetobutyl  alcohol,  obtained  by  boiling 
methyldeliydrohexonecarboxylic  acid  with  water,  differs  very  widely 
from  the  substance  of  that  name  obtained  by  Lipp  (Ber.,  1885,  3280) 
by  boiling  ethylic  w-bromopropylacetoacetate  with  dilute  hydrochloric 
acid,  the  boiling  point  of  the  former  being  227°,  whei-eas  the  latter 
product  distilled  at  154 — 155°,  a  difference  of  70°. 

In  a  paper  published  some  time  since  {Ber.,  1888,  2138),  "  On  the 
Action  of  Sodium  on  Ethylic  Monochloracetate,"  Fittig  and  Erlen- 
bach,  in  describing  a  substance  boiling  at  128°,  which  they  supposed 
to  be  acetoisopropyl  alcohol,  took  occasion  to  state  that  the  acetobutyl 
and  acetopropyl  alcohols  previously  described  by  us  could  not  possi- 
bly have  the  constitution  assigned  to  them — owing  to  their  syrupy 
consistency  and  high  boiling  points — and  that  the  description  given 
by  Lipp  of  his  acetobutyl  alcohol  agreed  much  better  with  the  proper- 
ties such  a  substance  might  be  expected  to  possess.  In  a  later  paper 
(Ber.,  1888,  2647),  these  chemists  discovered  that  their  compound 
was  not  acetoisopropyl  alcohol,  but  was  simply  acetol  ethyl  ether, 
CHa-CO-CHo-O-CoHs. 

As,  however,  in  spite  of  this,  they  did  not  withdraw  their  previous 
remarks  on  the  nature  of  acetopropyl  and  acetobutyl  alcohols,  and 
as  we  have  extensively  used  these  substances  in  the  synthesis  of  ring- 
derivatives,  and  drawn  important  theoretical  conclusions  from  the 
results  obtained,  we  have  thought  it  necessary  to  again  carefully 
examine  these  alcohols  with  a  view  to  further  establishing  their 
identity. 

If  the  question  of  the  probable  properties  of  such  a  substance  as 
acetobutyl  alcohol,  CH3*CO-[CH3]3-CH3-OH,  is  carefully  examined,  it 
is  soon  apparent  that  a  compound  of  this  formula  should  be  a  thick 
oil  boiling  considerably  above  200°. 

Taking  into  account  a  large  number  of  cases,  it  is  found  that  the 
usual  result  of  displacing  one  hydrogen-atom  in  an  organic  substance 
(boiling  between  100"  and  130°)  by  the  group  CHa'CO,  is  to  raise  the 
boiling  point  of  that  substance  some  100°  to  120°. 

Xow,  taking  normal  butyl  alcohol  (b.  p.  118°)  as  a  basis,  and  sub- 
stituting CHa'CO  for  one  hydrogen-atom,  we  find  that  the  calculated 
boiling  point  of  acetobutyl  alcohol  lies  between  218°  and  238°, 
whilst  the  boiling  point  observed  was  227°.      Again,  acetobutyl  alco- 
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liol  would,  in  its  physical  properties,  bear  considerable  resemblance 
to  the  class  of  glycols,  and  this  is  borne  out  by  the  fact  that  these 
compounds,  and  particularly  the  higher  numbers,  are  thick,  oily 
liquids  boiling  at  bigh  temperatures. 

In  the  original  investigation  of  acetobutvl  alcohol  (Trans.,  1887,51, 
717 — 725)  the  following  attempts  were  made  to  prove  its  constitu- 
tion . 

The  ketonic  nature  of  the  sub.stance  was  demonstrated  by  the  fact 
that  it  combined  with  phenylhydrazine — the  fact  that  it  was  also  an 
alcohol  was  shown  by  its  being  converted  into  acetobutyl  bromide  on 
treatment  with  aqueous  hydrobromic  acid.  The  portion  of  the 
carbonyl-group  in  relation  to  the  alcohol-group  was  shown  by  the 
behaviour  of  acetobutyl  alcohol  on  oxidation,  when  it  decomposed 
first  into  acetobutyric  acid  and  then,  under  the  influence  of  an  excess 
of  oxidising  agent,  into  acetic  acid  and  succinic  acid  : — 

(1.)  CH3-C0-[CH,].-CH,-0H  +  0,  =  CH/CO-[CH,]/COOH  +  H,0. 
(2.)  CH3-CO-[CHo]3-CHo-OH  +  50  =  CH^-COOH  + 

COOH-CH,-CH/COOH  +  H^O. 

The  constitution  of  acetobutyl  alcohol  is  also  clearly  demonstrated  by 
the  reduction  of  acetobutyl  bromide  to  methyl  butyl  ketone  b}'  means 
of  zinc  and  acetic  acid  : — 

CH3-CO-[CHo]3-CHoBr  +  H  =  CH3'CO-[CH.]3-CH3  +  HBr. 

The  constitution  of  acetopropyl  alcohol  was  proved  by  the  fact  that 
this  substance  on  oxidation  yields  levulinic  acid,  thus : — 

CH3-CO-CH2-CHo-CHo-OH  +  0,  =  CHa-CO-CHo-CH^-COOH  +  H.O. 

Fittig,  however,  does  not  consider  this  a  proof  of  the  constitution  of 
this  alcohol  (Ber.,  21,  2139). 

In  order,  if  possible,  to  bring  further  proof  of  the  constitution  of 
these  two  important  ketone  alcohols,  specimens  of  each  were  prepared 
and  purified  with  the  greatest  care,  and  their  magnetic  rotation 
determined  by  Dr.  W.  H.  Perkin,  senr.  The  numbers  obtained 
showed  clearly  that  these  substances  had  the  constitution  assigned  to 
them,  and  that  they  were  two  members  of  a  homologous  series,  the 
difi'erence  for  CH2  being  found  as  0'958  instead  of  1'023. 

These  proofs  of  the  constitution  of  the  acetopropyl  and  acetobutyl 
alcohols  being  so  satisfactory,  all  that  remained  to  be  done  was  to 
examine  into  the  nature  of  the  substance  described  by  Lipp  as  aceto- 
butyl alcohol,  and  to  determine  in  what  respects  this  substance 
differed  from  the  acetobutyl  alcohol  obtained  by  boiling  methyl- 
dehydrohexanecarboxylic  acid  with  water. 
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The  hydrolysis  of  ethylic  w-propylacetoacetate  by  raeans  of  hydro- 
chloric acid  was  therefore  carried  out  according  to  Lipp's  directions, 
and  as  a  result  an  oil  was  obtained  whicb,  on  analysis,  gave  numbers 
agreeing  approximately  with  those  required  for  acetobutyl  alcohol, 
and  which  distilled  apparently  at  154 — 155°.  Subsequent  experiments 
showed,  however,  that  this  temperatui-e,  instead  of  being  the  boiling 
point,  was  in  reality  the  decomposing  point  of  the  alcohol  :  the  reason 
for  this  being,  tliat  the  slightest  trace  of  impurity  is  sufficient  to 
prevent  acetobutyl  alcohol  from  distilling  without  the  most  rapid 
decomposition  into  its  anhydride  (methyldehydrohexone)  and  water, 
the  thermometer  remaining  constant  at  154 — 155°. 

Lipp's  acetobutyl  alcohol,  when  not  too  impure,  can  be  distilled 
with  slight  decomposition  under  reduced  pressure  ;  the  boiling  point 
noticed  in  two  cases  being  157°  under  100  mm.  pressure  and  171° 
under  177  mm.  pressure  ;  on  distilling  acetobutyl  alcohol  from 
methyldehydrohexonecarboxylic  acid  under  the  same  conditions, 
almost  identical  boiling  points  were  noticed. 

Pure  acetobutyl  alcohol  was  obtained  from  Lipp's  crude  product 
by  distilling  with  steam,  fractioning  the  methyldehydrohexone  thus 
obtained,  and  treating  it  with  water.  In  this  way  a  thick  oil  was 
obtained  which  distilled  under  ordinary  pressure  at  225 — 227^,  and 
was  in  every  respect  identical  with  the  acetobutyl  alcohol  from 
methyldehydrohexonecarboxylic  acid. 

These  and  other  experiments,  an  account  of  which  will  be  given 
later  on,  prove  conclusively  that  acetobutyl  alcohol  when  pure  boils 
at  225 — 227°,  and  not  at  154 — 155°  as  stated  by  Lipp.  Acetopropyl 
alcohol  behaves  in  every  respect,  physically  as  well  as  chemically,  as 
the  lower  homologue  of  acetobutyl  alcohol,  and  as  this  substance 
gives  levulinic  acid  on  oxidation,  no  further  experiments  in  proof  of 
its  constitution  are  necessary. 

Preparation  of  Acetobutyl  Alcohol  by  Lipp's  Method. 

In  repeating  Lipp's  experiments,  his  instructions,  as  given  in  the 
Berichte,  18,  3275,  were  followed  exactly,  with  the  one  exception  that 
instead  of  80  grams  of  trimethylene  bromide  50  only  were  taken,  the 
former  number  being  evidently  a  misprint,  as  is  clearly  seen  from  the 
fact  that  Lipp  mentions  that  he  uses  1  mol.  of  trimethylene  bromide 
to  1  mol.  of  ethylic  sodacetoacetate. 

The  oil  obtained  by  the  addition  of  water  to  the  product  of  the 
reaction  was  washed  with  caustic  potash  solution,  and  then  with 
water,  and  dried  over  potassic  cai-bonate.  This  crude  ethylic  bromo- 
propyl  acetoacetate  weighed  from  55  to  60  grams ;  it  contained  as 
impurity  considerable  quantities  of  trimethylene  bromide  and  some 
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ethyl  methyldehydrohexonecarboxylate,  besides  small  qnantities  of 
ethylic  acetoacetate.  This  oil  was  now  digested  with  h3'droclilovio 
acid,  the  same  quantities  being  used  as  given  by  Lipp,  the  product 
separated  from  the  unchanged  trimethylene  bromide  (about  20  grams), 
and  about  one-fifth  of  the  water  distilled  off.  The  solution  was  then 
saturated  with  potassic  carbonate,  and  the  oily  layer  which  separated 
dried  over  potassic  carbonate,  and  allowed  to  stand  for  three  or  four 
days  over  sulphuric  acid  in  a  vacuum  as  Lipp  directs,  and  then 
analysed. 

Two  different  samples  gave  the  following  numbers : — 

I.  0"1545  gram  substance  gave  0"1390  gram  H^O  and  0"3380  gram 
COo. 
II.  0'2340  gram  substance  gave  02090  gram  H2O  and  05150  gram 
COo. 

Found. 

Calculated  foi*  ^ •'■ -^ 

CH3-COCHvCn.-Cn.CH.vOH.  I.  II. 

C 62-OG  p.  c'  59  67         60-02  p.  c. 

H 10-35     „  10-00  9-92     „ 

O 27-59     „  30-33        3006     „ 

An  examination  of  this  oil  showed  that  it  contained,  besides  other 
impurities,  small  quantities  of  bromine.  On  submitting  it  to  fractional 
distillation  under  the  ordinary  pressure,  the  thermometer  rises  rapidly 
to  150°,  at  which  temperature  vigorous  decomposition  sets  in,  and 
between  150 — 160°  almost  the  whole  distils  over,  the  distillate  con- 
sisting of  two  layers,  the  upper  one  being  a  mixture  of  methyl- 
dehydrohexone  with  acetobutyl  alcohol,  and  the  lower  one  acetobutyl 
alcohol  and  water.  The  boiling  point,  154 — 155°  (718  mm.),  given  by 
Lipp  is,  therefore,  evidently  the  decomposition  point  of  this  crude 
alcohol  into  water  and  its  anhydride  methyldehydrohexonc.  These 
recombine  to  some  extent  in  the  receiver,  and  probably  almost  entirely 
on  standing. 

A  very  carefully  prepared  sample  of  Lipp's  product  was  now 
fractioned  under  reduced  pressure  (100  mm.),  when  it  was  found  to 
boil  fairly  constantly  at  157°  with  very  little  decomposition.  An 
analysis  of  this  preparation  gave  the  following  result : — 

0-1335  gram  substance  gave  0-1260  gram  HoO  and  03015   gram 

CO2. 

Calculated  for 

CgHj-Po.  Found. 

C  62-06  per  cent.      61-59  per  cent. 

H  10-35    „        10-49 

O  27-59    „        27-92 
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Even  after  distillation  in  a  vacuum,  this  alcoliol  is  far  from  pure, 
and  attempts  to  refraction  the  product  invariably  lead  to  its  decom- 
posing into  anhydride  and  water  even  under  very  low  pressures  such 
as  20 — 30  mm.,  and,  curiously  enough,  although  this  substance  was 
prepared  a  great  number  of  times,  it  was  only  on  two  occasions 
found  posssible  to  distil  it  at  all. 

An  attempt  was  next  made  to  purify  this  crude  substance  by  dis- 
tillation in  a  current  of  steam.  About  30  grams  of  the  crude  oil 
were  taken,  and  the  distillate  containing  a  quantity  of  oil  in  sus- 
pension was  extracted  with  ether.  The  ethereal  solution  was  dried 
carefully  over  carbonate  of  potash,  the  ether  distilled  off,  and  the 
resulting-  oil  distilled.  Almost  the  whole  passed  over  between  105°  and 
111°,  and  on  re-fractioning  a  beautifully  colourless  oil  was  obtained 
boiling  constantly  at  109°,  and  consisting  of  pure  methyldehydro- 
hexone,  as  the  following  analysis  shows  : — 

0"2100  gram  substance  gave  0  1947   gram  HjO  and   0'5638  gram 
CO.. 

Calculated  for  CgHipO.  Found. 

C    73"46  per  cent.  7321  per  cent. 

H    10-20         „  10-29 

0    16-33         „  16-50 

When  shaken  with  a  considerable  quantity  of  distilled  water  and 
allowed  to  stand  for  some  days,  this  oil  completely  dissolves  forming 
acetobutyl  alcohol.  On  saturating  the  solution  with  carbonate  of 
potash,  extracting  with  ether,  drying  very  thoroughly  over  carbonate 
of  potash,  and  evaporating,  a  colourless  oil  was  obtained  which 
under  the  ordinary  pressure  distilled  without  decomposition  between 
225 — 227°,  and  gave  the  following  numbers  on  analysis,  showing  that 
it  was  pure  acetobutyl  alcohol. 

0-1604  gram   substance  gave  0-1538  gram   HoO   and  0-3657  gram 
COo. 

Calculated  for  CcHi.O;;.  Found. 

C    62-06  per  cent.  62*17  per  cent. 

H   .'. 10-35         „  10-65 

O    27-59         „  27-18 

On  careful  examination,  this  substance  was  found  to  be  identical 
in  all  respects  with  the  acetobutyl  alcohol  previously  obtained  by  one 
of  us  (Trans.,  51,  716 — 720)  by  boiling  methyldehydrohexonecarb- 
oxylic  acid  with  water — 

C00H-C-CH,-CH2  "  CH^-CHa-CHa-CHo'OH  "^        '••'■ 


I 
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The  decomposition  represented  by  this  equation  is  not  only  a  quanti- 
tative one,  but  the  acetobutyl  alcohol  obtained  is  so  pure  that  when 
perfectly  dry  it  distils  at  once  at  227"  with  the  merest  trace  of  decom- 
position, the  resulting'  product  being  almost  free  from  smell. 

The  camphoric  odour  which  Lipp  ascribes  to  his  product  is  due  to 
various  impurities,  and  particularly  to  methyldehydrohexone,  the 
presence  of  this  substance  would  also  explain  the  mobility  of  Lipp's 
alcohol. 

Acetopropyl  Alcohol,  CHs'CO-CH/CHo'CHo'OH,  atid  Acetopropyl 
Bromide,  CH.-CO-CH./CHs-CHoBr. 

The  acetopropyl  alcohol  used  in  the  following  experiments  was 
prepared  according  to  a  method  previously  described  (Trans.,  1887, 
51,  829),  which  consists  in  boiling  acetyltrimethylenecarboxylic  acid 
with  water  until  the  evolution  of  carbon  dioxide  ceased,  saturating 
the  liquid  with  potassic  carbonate,  and  extracting  with  ether.  The 
product  obtained  boiled  constantly  at  144 — 145°  (100  ram.),  and 
possessed  all  the  properties  previously  assigned  to  it. 

To  prepare  acetopropyl  bromide,  the  alcohol  was  mixed  with  a 
saturated  aqueous  solution  of  hydrogen  bromide,  and  the  liquid 
heated  on  a  water-bath  for  one  hour.  The  product  was  poured  into 
water,  the  excess  of  hydrogen  bromide  neutralised  with  sodic 
carbonate,  and  the  bromide  repeatedly  extracted  with  ether,  the 
ethereal  solution  evaporated,  and  the  resulting  oil  fractioned  under  a 
pressure  of  90  mm.  Almost  the  whole  of  it  distilled  at  115 — 120°, 
a  little  hydrogen  bromide  being  eliminated,  as  is  also  the  case  in  the 
distillation  of  acetobutyl  bromide  ;  owing  to  this  decomposition,  the 
bromine  determinations  made  with  a  product  boiliug  constantly  at 
118°  (90  mm.)  came  a  little  too  low. 

I.  0'1548  gram  substance  gave  0"1687  gram  AgBr. 
II.  0"1807  gram  substance  gave  0'1973  gram  AgBr. 
III.  0"2350  gram  substance  gave  0'2480  gram  AgBr  and   0*0050 
gram  Ag. 


Found. 


Calculated  for 


CH3-COCH.yCHvCH.Br.  I.  II.  III. 

Br 48-48  p.  c.  46-37         4642         46-48  p.  c. 

When  freshly  distilled,  acetopropyl  bromide  is  a  colourless  mobile 
liquid,  which  has  a  penetrating  odour  closely  resembling  that  of 
acetobutyl  bromide.  On  standing,  it  rapidly  becomes  dark  coloured, 
especially  when  acted  on  by  light. 

Acetopropyl  bromide  is  remarkable  for  the  ease  with  which  it 
decomposes   with   elimination  of    hydrogen    bromide.      Experiments 
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made  on  the  actiou  of  sodic  ethylate  and  ethylic  sodiomalonate  on  this 
bromide  invaviably  resulted  in  the  formation  of  a  light,  ethereal  oil 
boiling  at  113",  which  appears  to  be  identical  with  acetjltrimethylene 
(Trans.,  1887,  51,  832).  In  that  ease,  it  would  seem  that  the 
elimination  of  hydrogen  bromide  took  place  according  to  the  equa- 
tion— 

CH3-C0-CH,-CH,-CH,Br  =  CH^-CO-CH.    ^^     ,    ^^ 

^^>0tl2  -I-  HBr. 

As  we  were  on  the  point  of  forwarding  this  paper  for  publication, 
we  received  the  last  number  of  the  Berichte,  containing  an  article  by 
Lipp  on  acetopropyl  alcohol  {Ber.,  22,  1196). 

In  this  article  Lipp  describes  a  repetition  of  the  experiments  made 
some  time  since  by  Freer  and  Perkin  (Trans.,  1887,  51,  834 — 835)  on 
the  action  of  hydrogen  chloride  on  ethylic  w-bromethylacetoacetate, 
his  results  confirming  in  every  particular  those  previously  obtained. 
On  account  of  the  comparatively  high  temperature  at  which 
acetopropyl  alcohol  boils,  Lipp  states  in  a  footnote  (p.  1198)  that  the 
boiling  point  of  acetobutyl  alcohol  previously  given  by  him,  is  pro- 
bably the  decomposition  point  of  this  substance,  a  view  which  agrees 
with  that  deduced  by  us  from  the  results  of  the  experiments  described 
in  our  present  paper.  Lipp  then  proceeds  to  describe  the  preparation 
of  acetopropyl  alcohol  by  the  hydrolysis  of  the  crude  product  of  the 
action  of  ethylene  bromide  on  ethylic  sodacetoacetate  (ethylic 
<i;-bromethylacetoacetate) ,  and  gives  in  detail  the  conversion  of  this 
alcohol  into  levulinic  acid  by  oxidation.  These  i-eactions  have  already 
been  carefully  studied  by  Freer  and  Perkin  (Trans.,  1887,  51,  834) 
and  by  Colman  and  Perkin  (1888,  53,  189 — 190).  Lipp  also  prepared 
<o-bromopropyl  methyl  ketone  (acetopropyl  bromide)  by  treating 
acetopropyl  alcohol  with  hydrogen  bromide,  and  his  description  of 
this  substance  agrees  in  eveiy  respect  with  that  given  by  us  in  this 
paper. 

In  this  interesting  paper  on  acetobutyl  alcohol,  Lipp  has  unfortu- 
nately based  his  criticisms  of  the  results  previously  obtained  by  us  on 
short  and  very  incomplete  abstracts  of  our  papers  which  have  from 
time  to  time  appeared  in  the  Ghemisches  Centralblatt,  and  he  has 
thus  been  led  to  make  a  number  of  experiments  which  otherwise 
would  have  been  unnecessary. 

To  this  cause  is  also  to  be  attributed  the  statement  that  he  makes  that 
we  never  prepared  acetopropylalcohol  in  a  pure  condition,  and  that 
we  obtained  it  only  as  a  very  thick,  unstable  oil,  which  decomposed  on 
distillation.  On  referring  to  our  original  papers  (loc.  cit.),  it  will  be 
found  that  every  pains  was  taken  to  get  this  substance  in  an  especially 
pure  condition,  in  order  to  allow  of  its  magnetic  rotation  being  deter- 
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iiiiiicd,  and,  as  a  result,  a  Ijcautiful  product  was  obtained,  boiliuy  con- 
st antly  at  144 — 145°  (100  mm.  pressure),  and  this,  as  the  analytical 
numbers,  as  well  as  those  obtained  in  the  determination  of  its  magnetic 
rotation  show,  must  have  been  very  pure  indeed.  Both  acetopropyl 
alcohol  and  acetobutyl  alcohol  have  been  prepared  by  us  in  very  lai-ge 
(quantities  for  use  in  various  sjnithetical  experiments,  and  experience 
has  shown  that  these  substances  are  very  readily  obtained  in  a  state 
of  purity  by  boiling  acetyltrimethylene-  and  methyldehydrohexone- 
carboxylic  acids  with  Avater,  whereas  the  products  obtained  by  the 
hydi'olysis  of  ethylic  w-bromethyl-  and  bromopropyl-acetoacetates  are 
invariably  very  crude  and  difficult  to  purify.  A  criticism  of  the 
remarks  which  Lipp  makes,  at  the  conclusion  of  his  article,  as  to  the 
constitution  of  ethylic  acetyltrimethylene  carboxylate,  will  form  the 
subject  of  a  future  paper. 


XXXIX. — An  Improved  Soxhlet  JExirador,  and  Apparatus  for  Distilling 

in  a  Vacuum. 

By  J.  Lewkowitscii,  Ph.D. 

(1.)  An  Improved  Soxhlet  Extractor. 

Wren  using  the  ordinary  form  of  Soxhlet  extractor,  there  is  always 
a  doubt  as  to  the  exact  time  when  the  substance  is  completely 
extracted,  unless  the  whole  apparatus  is  taken  to  pieces,  and  a  test 
made  by  putting  a  fresh  supply  of  the  solvent  into  the  exti-actor. 
As  a  rule,  therefore,  the  extraction  lasts  far  longer  than  is  necessary, 
and  this  involves  not  only  loss  of  time  but  also  of  the  volatile 
solvent.  To  avoid  this,  I  use  a  Soxhlet  extractor,  fitted  up  with  a 
test  tap  in  the  syphon-tube  as  shown  in  Fig.  1  ;  this  allows  a  few 
drops  of  the  solvent  to  be  drawn  off  at  any  time  to  see  whether  it 
contains  any  of  the  substance  to  be  extracted. 

(2.)   Flask  for  Distilling  Frothing  Liquids  in  a  Vacuum. 

On  distilling  frothing  liquids  in  a  vacuum,  it  has  always  been 
found  useful  to  allow  a  very  small  quantity  of  air  or  of  an  indifferent 
gas  to  pass  through  the  liquid  by  means  of  a  finely-drawn  tube, 
I'eaching  nearly  the  bottom  of  the  distilling-flask.  When  the  quan- 
tity of   the  substance  is  small,  and  a  small  distilling-flask  has  to  be 
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used,  it  will  be  found  almost  impossible  to  insert  at  the  same  time 
both  a  tube  of  this  kind  and  a  thermometer.  In  this  case,  I  find  a 
distillincr-flask  of  the  form  of  Fio-.  2  very  convenient. 


l"io.   1. 


(3.)   An  Adapter  for  Fractional  Distillation  in  a  Vacuum. 

Numerous  pieces  of  apparatus  for  this  purpose  have  lately  been 
described,  most  of  which  are  very  complicated,  and,  therefore,  out  of 
the  question  in  a  laboratory,  where  fractional  distillation  in  a  vacuum 
has  to  be  performed  daily.  I  recommend,  therefore,  in  cases  where 
a  vacuum-pipe  with  several  taps  is  available  (or  a  second  Avater 
injector-pump)  an  adapter  like  that  shown  in  Fig.  3.  The  tube  a  is 
connected  w'ith  a  Liebig  condenser,  and  h  and  c,  by  means  of  india- 
rubber  tubing,  with  two  taps  of  the  vacuum-pipe.  On  starting,  the 
distilling-fiask,  the  adapter  and  the  Erlenmeyer  flask  are  exhausted 
through  h  and  c,  the  stopcock  d  being  open.  When  the  first  fraction  is 
collected,  the  tap  d  is  closed,  whereby  the  Erlenmeyer  flask  is  shut  off 
from  the  vacuum-pipe  h,  and  it  is  tlien  filled  with  air  by  disconnecting 
the  india-rubber  tubing  from  c.  The  Erlenmeyer  flask  can  now  easily 
be  taken  off,  and  emptied  or  replaced  by  another,  while  the  distillation 
is  can-ied  on  -without  interruption.  When  the  Erlenmeyer  flask  is 
fitted  on  again,  it  is  exhausted  at  c  as  before,  the  tap  d  opened,  and 
the  second  fraction  collected.  I  have  used  this  adapter  for  some  years, 
and  found  it  work  most  satisfactorily. 
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XL. — O71  a  Method  of  Investigating  the  Dissolution  of  Metals  in 

Acids. 

By  V.  H.  Veley,  M.A.,  the  University  Museum,  Oxford. 

Introduction. 

In  recent  years,  various  accounts  have  been  published  on  the  dissolu- 
tion of  metals  in  acids  as  a  result  of  a  chemical  change.  Thus 
Kajander  in  Bull.  Soc.  Chim.  [2],  34,  325  (an  abstract  from  a  Russian 
communication),  has  determined  the  relation  between  the  weights  of 
magnesium  dissolved  per  unit  time,  and  the  concentration  of  the  acids 
used,  as  also  the  variation  produced  by  the  addition  to  the  acid  of 
foreign  salts  and  liquids.  Thorpe  (Tians.,  1882,  287)  has  studied 
the  reduction  of  ferric  salts  in  acid  solutions  by  various  metals. 
Divers  (Trans.,  1885,  508)  has  ascertained  the  relative  effects  of 
sulphuric  and  nitric  acids,  taken  separately  and  together  on  metallic 
zinn.  More  recently,  Spring  and  van  Aubel  (Ann.  Chim.  Phys.  [6], 
VOL.  LV.  2    D 
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11,  505)  conducted  some  elaborate  experiments  on  the  interaction  of 
zinc,  containins^  a  small   proportion  of  lead,  with   sulphuric   and  the 
halo^-en  acids.   In  most  of  the  experiments  described  in  these  memoirs, 
a  more  or  less  regular  surface  of  the  metal   has   been  placed  at  rest 
within  the  dissolving  acid,  and  either  the  loss  in  weight  of  the  metal 
determined  at  given  intervals  or  the  times  noted  which,  were  required 
for  the  evolution  of  a  definite   volume  of  hydrogen    or    other    gas. 
From   these   experiments  the  observations  of  those  familiar  with  the 
preparation  of  hydrogen  from  zinc  and  sulphuric  acid  have  been  con- 
firmed, namely,  that  within  certain  limits  the  more  concentrated  the 
acid   and  the  higher  the  temperature,  the  more  rapid  the  solution*  of 
the  zinc.     But    in  the  method  of  experiment  adopted  the  measured 
result  is  one  of  mixed  causes,  each  one  of"  which  is  variable  at  any 
moment  of  time,  and  its  peculiar  effect  not  susceptible  of  mathemati- 
cal analj'sis.     For  it  is  obvious  that  if  the  metal  is  at  rest  within  th"5 
acid  its  measured  rate  of  solution  is  dependent,  inter  alia,  not  only 
upon  the  surface  exposed  and  the  local  rise  of  temperature  due  to  the 
chemical  reaction,  but  also  upon  the  rate  of  diffusion  of  the  metallic 
salt  formed  in  the  acid  liquid,  the  actual  disengagement  of  the  gas- 
bubbles  from  the  surface  of  the  metal,  and  the  rate  of  removal  by 
these  bubbles  of  the    concentrated    salt    solution    in    the    immediate 
vicinity  of  the  metal.     Thus  if  a  cylinder  of  zinc  be  placed  in  dilute 
sulphuric    acid,  it  is  a  common  matter  of  observation  that  at  first 
the  bubbles  of  hydrogen  gas  persistently  cling  to  the  metallic  sur- 
face, but   subsequently  are  more  readily  removed  owing  to  the  forma- 
tion of  points  on  the  surface   due  to  the  production  of  local  electric 
circuits.     In  another  paper   (Phil.  Trans.,  1888,  A,   285),  I  have  re- 
marked that  the  increase  in  the  rate  of  evolution  of  hydrogen  from 
zinc  and  dilute  sulphuric  acid  caused  by  the  reduction  of  the  super- 
incumbent   pressure,  can    partly    be  explained    by    the  formation  of 
larger  bubbles  of  gas,  whereby  the  solution  of  the  zinc  sulphate  is 
more  readily  removed.     Again,  though  as  is  well  known,  zinc  under 
the    same    conditions  dissolves  more  readily  in   dilute   hydrochloric 
than  in   sulphuric  acid  containing  the  same  quantity  of  replaceable 
hydrogen   per  unit  volume,  yet  it  is  possible  that  this  result  may  be 
due  to  the  greater  diffusibility  of  zinc  chloride  in  hydrochloric  acid 
than  of  zinc  sulphate  in  sulphuric  acid.     Spring  and    van   Aubel  in 
their  experiments  either  kept  the  surface  of  the  metal  constant  or 
allowed   for  its   variation,    but   the  results  of  others,  obtained    with 
sheets  of  metal,  are  comparatively  valueless  in  that  the  actual  surface 
owing   to  inequalities  may   vary   within   almost  infinite  limits.     To 

*  Here  and  throughout  tliis  paper  the  word  '"  solution  "  will  be  used,  it  being 
understood  to  imply  solution  as  a  result  of  chemical  change,  between  the  metal  and 
the  acid. 
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avoid  some  of  the  above  difficulties,  attempts  were  made  to  devise  a 
method  which  could  be  applied  to  measure  the  rate  of  solution  of 
metals  in  acids  under  such  conditions  that  not  only  fresh  surfaces 
of  a  regular  geometric  figure  of  the  metal  are  continually  being 
exposed,  but  also  the  products  of  the  cliange,  whether  gas  or  metallic 
salt,  are  continually  being  removed  from  the  vicinity  of  the  dissolving 
metal.  An  outline  of  the  research  has  ;ilready  been  indicated  in  this 
Journal  (Abstr.,  1888,  104j. 

Apparatus. 

The  first  apparatus  used  consisted  of  two  watch-glasses  (Fig.  1) 
placed  one  above  the  other  in  opposite  positions,  so  that  the  upper  one 
presented  from  above  a  concave,  the  lower  a  convex  surface.     These 


Fig.  1. 


glasses  were  wired  to  one  another,  as  also  to  a  hollow  glass  bulb  by 
means  of  which  they  were  floated  under  the  surface  of  the  acid  liquid 
contained  in  a  beaker.  The  liquid  was  kept  stii-red  by  a  cun-ent  of 
carbonic  acid  produced  in  a  Kipp's  apparatus  and  washed  by  bubbling 
through  a  Wolff's  bottle  containing  water ;  thence  it  passed  into  a 
piece  of  quill  glass  tubing  bent  twice  at  right  angles,  and  ending  in  a 
small  thistle-funnel.  The  horizontal  and  lovver  vertical  limb  of  the 
tube  were  of  such  lengths  and  the  containing  beaker  of  such  a  dimen- 
sion that  each  bubble  of  the  gas  as  it  issued  from  the  thistle-funnel 
struck  the  lower  of  the  two  watch-glasses  on  one  side,  and  thus  in 
passing  by  tilted  the  whole  arrangement  of  glasses  and  bulb.     The 

2  D  2 


o(i4  VELFA"  :    A    METHOD   OF   INVESTIGATING 

down-dranglit  of  the  liquid  caused  the  apparatus  to  return  to  its 
former  position  in  time  for  another  gas-hubble  to  tilt  it  again. 
Thus  the  whole  of  the  acid  liquid  was  continually  stirred,  and  a 
spherical  bullet  of  metal  on  the  upper  of  the  two  watch-glasses 
continually  rolled  about. 

The  edge  of  the  upper  glass  was  slightly  corrugated,  so  that  the 
bullet  should  not  roll  off.  The  friction  between  the  glass  and  bullet, 
together  with  a  slight  spin  given  by  the  gas-bubbles,  prevented  the 
bullet  from  rolling  always  on  the  same  axis,  and  thus  becorae 
spheroidal.  This  apparatus  was  devised  some  years  ago  by  Mr. 
Vernon- Harcourt  for  experiments  on  the  same  subject. 

The  beaker  was  placed  on  an  iron  plate,  under  which  was  a  small 
gas-flame ;  the  variations  of  temperature  did  not  exceed  a  few  tenths 
of  a  degree  on  either  side  of  that  required.  To  prevent  access  of  dust 
the  beaker  was  covered  with  a  glass  plate  provided  with  two  holes, 
through  one  of  which  passed  the  thermometer,  through  the  other  the 
carbonic  anhydride  tube.  Experience  showed  that  it  was  above  all 
things  necessary  to  pass  the  same  number  of  gas-bubbles  per 
minute. 

The  apparatus  described  above,  though  simple,  yet  presented  some 
disadvantages.  Firstly,  it  is  obvious  that,  assuming  the  impact  given 
by  each  bubble  of  carboaic  anhydride  to  be  equal,  a  smaller  bullet 
would  receive  a  greater  shock  than  a  larger  one,  and  as  all  experi- 
ments showed  that  the  rate  of  solution,  cceteris  paribus,  varied  with  the 
motion  imparted  to  the  bullet,  the  amount  dissolved  per  unit  area 
would  increase  with  decrease  of  its  size.  This  was  found  to  be  the 
case  after  a  certain  limit  had  been  passed.  Secondly,  it  was  found 
difficult  in  practice  to  ensure  the  passage  of  the  same  number  of  gas- 
bubbles  per  minute.  The  results,  however,  obtained  with  the  appa- 
ratus were  sufficiently  accurate  to  determine  the  relation  between  the 
rate  of  solution  and  the  temperature,  and  are  recorded  below  in 
Tables  I  to  X.  To  obviate  this  source  of  ei'ror  and  inconvenience 
an  integrating  machine  was  devised,  by  means  of  which  the  bullet 
was  caused  to  revolve  round  the  same  path  the  same  number  of 
times,  whatever  its  diameter.  The  apparatus  consisted  essentially  of 
a  wooden  cone  C  (Fig.  2),  rotated  by  means  of  a  water-motor ;  a  brass 
disc,  D,  worked  by  friction  on  the  cone,  and  the  former  could  be  moved 
along  a  brass  rod,  R,  provided  with  a  scale  of  200  mm.,  and  set 
parallel  to  the  cone  ;  the  rod  rested  above  and  below  upon  guides,  G, 
Gr',  screwed  to  a  wooden  base-board.  The  lower  extremity  of  the  rod 
ended  in  a  hollow  ferrule,  into  which  was  inserted  a  rubber  cork  ; 
through  this  passed  a  sealed  piece  of  glass  tubing,  bearing  at  a  con- 
venient distance  from  the  end  of  the  rod,  a  small  flat  glass  dish,  D, 
about   70  mm.   in   diameter,  with   upturned   edges.     The    dish   was 
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pierced  with  several  holes  to  allow  the  liquid  to  flow  out  continually. 
The  tube  and  dish  were  set  at  angle  of  45°  within  the  beaker  contain- 

FiG.  2. 


ing  the  dissoh^ng  liquid  ;  the  metallic  bullet  rested  on  the  rim  of  the 
dish. 

When  the  cone  is  rotated  at  an  uniform  rate,  the  rotation  of  the 
brass  rod,  as  also  of  the  glass  vessel,  varies  with  the  position  of 
the  disc  on  the  cone;  accordingly,  for  any  known  diameter  of  the 
bullet  the  disc  is  placed  at  a  certain  mark  on  the  graduated  scale  of 
the  brass  rod.  Thus,  the  rotation  of  the  rod  and  of  the  dish  can  be 
made  proportional  to  the  diameter  of  the  bullet,  so  that  it  will  be 
revolved  round  the  same  path  the  same  number  of  times,  whatever 
be  its  diameter.  The  glass  dish  was  set  slightly  eccentrically  on  the 
tube  to  prevent  the  bullet  from  always  revolving  on  the  same  axis. 
To  reduce  the  velocity  of  the  rotation  of  the  water-motor,  the  driving 
wheel  of  which  revolved  about  1560  times  per  minute,  a  tangent 
screw  (S)  was  interposed  between  it  and  the  cone  ;  the  rotation  of  a 
driving  wheel  connected  with  the  screw  was  kept  constant  at  26  times 
per  minute,  whereby  the  rotation  of  the  cone,  worked  by  an  endless 
band,  was  also  kept  constant.  This  apparatus  was  devised  in  outline 
by  my  friend  Mr.  V.  P.  Sells,  of  New  College,  Oxford  (to  whom  I 
would  express  my  thanks)  ;  it  was  constructed  and  improved  by  the 
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Canibvidge  Pbilosopliical  Instrument  Company.  The  results  obtained 
by  its  use  are  recorded  in  Tables  XI  to  XXI.  In  these  lat^^er  experi- 
ments, a  fairly  uniform  current  of  carbonic  anhydride  was  passed  as 
before,  and  the  arrangements  for  keeping  the  temperature  constant 
(not  represented  in  cut)  were  slightly  modified. 

Determination  of  the  Surfaces  of  the  Bullets. 

If  it  could  be  insured  that  a  metallic  bullet,  initially  spherical, 
retained  its  form  perfectly,  its  surface  could  be  calculated  from  its 
mass  and  specific  gravity.  As,  however,  this  was  not  always  the  case, 
it  was  thought  to  be  more  exact  to  calculate  the  area  from  a  measure- 
ment of  the  axes  taken  in  different  directions ;  this  was  effected  by 
means  of  a  micrometer  caliper,  which  measured  to  O'0I3  mm. 

The  areas  corresponding  to  each  of  the  several  diameters  were  cal- 
culated, and  their  mean  value  Ai  taken.  After  the  bullet  had  been 
1  oiled  about  in  the  acid  liquid  for  one  hour,  it  was  removed,  washed 
with  distilled  water,  and  dried  at  80 — 90°;  its  axes  were  again 
measured,  their  corresponding  areas  calculated,  and  their  mean  value 
A2  taken.    The  average  of  the  former  and  latter  mean  values,  namely, 

A   -f-  Ao 

^-^—- ^  =  A,  was  taken  as  the  mean  area  of  the  bullet  during  the 

course  of  the  experiment.  The  difference  between  the  greatest  aTid 
least  axis  seldom  exceeded  0'05  mm.  (the  difference  being  generally 
0  026  mm.)  ;  when,  however,  this  was  the  case,  the  area  was  calcu- 
lated by  means  of  the  following  approximate  formula  : — Let  2a,  26,  2c 
be  the  greatest,  mean,  and  least  axis  respectively,  and  let  e  be  the 
eccentricity  of  the  ah  section  ellipse  given  by  (i)  V^  =  a*  (1  —  Ci)^, 
and  e^  that  of  the  he  section  ellipse  given  by  (ii)  c^  =  6*  (1  —  e.y. 
Then  total  surface  of  the  ellipsoid,  ei  and  e,,  being  very  small; 

(iii)A  =  4;rC^(^l-?ll^), 

wherein  Ci  and  62  are  given  by  (i)  and  (ii). 

Method  of  Experiments. 

The  bullet  was  weighed  before  and  after  each  experiment,  and  the 
loss  in  weight  M,  divided  by  the  mean  area  A,  was  taken  as  the  factor 
for  the  comparison  of  the  results.  For  convenience  this  is  expressed 
in  terms  of  decimiiligrams  dissolved  per  one  square  millimetre  surface. 
To  make  clear  the  whole  course  of  the  experiments,  all  the  njeasure- 
ments  and  weighings  are  given  below  in  Table  1(a)  and  (h). 

Throughout  the  various  manipulations,  the  metallic  bullet  was 
never  touched  by  the  fingers,  but  only  with  a  pair  of  brass  pincettes, 
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as  it  is  well  known  that  the  presence  of  a  trace  of  gi-ease  materially 
affects  the  rate  of  solution  of  metals  in  acids. 

In  the  first  series  of  experiments,  such  metals  and  acid  solntions 
were  used  that  no  gas  was  evolved  as  such,  as  for  example,  zinc  and 
copper  in  chromic  acid  (potassium  bichromate  and  sulphuric  acid). 
As  the  results  with  pure  redistilled  zinc  were  rather  irregular,  pure 
electrotype  copper  was  used.  Messrs.  Johnson  and  Matthey  made 
from  my  instructions  a  set  of  copper  bullets  from  one  rod  cast  from 
the  pui-est  electrotype  copper,  tauli  bullet  weighing  about  5  grams 
and  turned  to  0'0l3  mm.  Before  any  measurements  and  weighings 
were  made  the  bullets  were  rolled  about  in  a  solution  of  chromic  acid 
of  similar  strength  to  that  used  in  the  actual  experiments.  By  this 
means  an}'  polishing  material  used  by  the  workmen,  as  also  any 
superficial  coating  of  oxide  were  removed,  so  that  the  bullet  at  the 
commencement  of  the  first  experiment  presented  a  surface  similar  to 
that  in  all  the  subsequent  experiments.  It  was  invai-iably  found  that 
this  exterior  coating  was  much  less  readily  dissolved  off  than  the 
remainder ;  this  was  doubtless  doe  to  a  denser  structure  of  the  metal 
jiroduced  by  the  external  pressure  to  which  the  bullets  were  subjected 
in  the  processes  of  turning  and  polishing.  The  same  result  was 
produced  in  a  more  exaggerated  degree  by  heating  the  bullets  for 
some  time  at  a  temperature  just  short  of  that  at  which  they  softened, 
and  subsequently  allowing  them  to  cool  slowly.  In  this  preliminary 
operation  about  0'25  gram  was  removed.  After  the  copper  bullets 
had  been  in  the  chromic  acid  solution  for  several  hours,  their  surfaces 
were,  with  few  exceptions,  as  smooth  and  regular  as  at  the  start;  the 
absence  of  any  irregularities  was  at  least  one  criterion  of  the  homo- 
geneity of  the  copper. 

For  each  separate  experiment,  a  solution  of  potassium  bichromate 
was  made  by  dissolving  a  known  weight  of  the  crystals  in  water;  to 
it  was  added  a  volume  of  diluted  sulphuric  acid  containing  a  known 
weight  of  the  acid ;  the  whole  was  then  made  up  to  one  litre.  The 
strength  of  the  sulphuric  acid,  a  considerable  quantity  of  which  was 
made  up  at  one  time,  was  determined  either  by  jirecipitation  with 
barium  chloride,  or  by  titration  with  sodium  carbonate.  In  the  first 
series  of  experiments,  such  quantities  of  potassium  bichromate  were 
used  that  taking  the  average  quantity  0"33  gram  of  copper  dissolved 
off  in  each  experiment,  the  quantities  of  bichromate  and  acid  should 
each  be  diminished  by  about  2  per  cent,  with  formation  of  0"2  per 
cent,  of  water,  if  the  action  is  supposed  to  be  expressed  by  the  follow- 
ing equation : — 

3Cu  +  K^CrA  +  7H..S0i  =  K.SOi.Cr^CSOOs  +  3CuS0,  +  7H2O. 
Thus  if  59  grams  of  the  bichromate  and  64'4  grams  of  sulphuric 
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acid  are  taken,  2"0  per  cent,  of  the  former  acid  and  21  per  cent,  of  the 
latter  are  used  up  per  hour,  with  increase  of  dilution  of  0022  percent. 
Thus  at  the  end  of  the  experiment  the  composition  of  the  dissolving 
liquid  did  not  differ  materially  from  that  at  the  commencement.  It  is 
probable  that  the  above  change  takes  place  in  two  successive  stages ; 
first  the  copper  reduces  the  chromic  acid  to  the  sesquioxide,  it  being 
itself  converted  to  the  oxide ;  and  secondly,  these  metallic  oxides 
dissolve  in  the  sulphuric  acid  present.  If  the  movement  either  of  the 
bullet  or  of  the  liquid  were  insufficient,  the  temporally  formation  of  a 
dark  green  coating  on  the  metal  was  always  observed. 

As  a  preliminary  basis  it  was  obviously  necessary  to  prove  firstly, 
that  the  mass  dissolved  varied  directly  with  the  area,  namely,  that  the 
values  for  M/A  under  constant  conditions  of  acidity  and  temperature 
were  constant,  and  secondly,  that  under  the  same  conditions  two 
different  bullets  dissolved  at  the  same  rate.  In  Table  I  (a)  are  given 
(I)  the  weight  in  grams  of  the  copper  bullet  at  the  commencement 
of  each  experiment,  (II)  its  weight  at  the  conclusion,  and  (III)  the 
difference  between  (I)  and  (II)  or  the  quantity  dissolved  off,  (IV)  the 
mean  area  calculated  as  explained  above,  and  (Y)  the  value  of  M/A 
expressed  as  decimilligrams  dissolved  off  per  1  square  millimetre  per 
hour.  In  Table  I  (fc)  are  given  the  measurements  of  the  axes  in 
millimetres  as  a  sample  of  the  variations  from  true  sphericity  ;  in 
other  series  these  measurements  will  be  omitted. 

Mixture  TaJcen. 

59"0  grams  potassium  bichromate  1         ,  ,11-. 

^ ,  .                   ,    ,       .        ■  -,  }  made  up  to  1  litre. 

Di"4       ,,      sulphuric  acid J 

Temperature  21°. 


Table  I  (a). 


Weight  in  grams 

Weight  in  grams 

Loss. 

Mean  area  in 

Value  for  - — 

at  commencement. 

at  conclusion. 

sq.  mm. 

A 

I.  4-7307 

4  -3585 

0  -3722 

30S-75 

12-05 

II.  4-3585 

4  0133 

0  -3452 

293  -04 

11  -89 

III.  40133 

3  -6848 

0  -3285 

275  -94 

11-91 

IV.  3-6848 

3  -3685 

0-3163 

265  -33 

11-92 

V.  3-3G85 

3  •<  658 

0  -3027 

245 -61 

12-21 

VI.  3-0658 

2  -7838 
Mean  value  for 

0  -2933 
M'A 

227  -63 

12-25 

12  05 

THE   DISSOLUTION   OF   METALS   IN   ACIDS.  369 

TAIil.E    I  (b). 


No. 

At  fommcnce- 
ment. 

At  coiu'lusion. 

No. 

At  commence- 
ment. 

.\t  conclusion. 

r 

10  046] 

9-8041 

r 

9-246T 

9  017] 

I.J 

10  -o;?3  [ 

9-791  }■ 

IV.. 

9-220  I 

S  -979  [ 

I 

10  020  J 

9 -779  J 

1 

9 -195  J 

8 -911] 

r 

9  -804 ) 

9-550] 

r 

9-017] 

8-738] 

IL. 

9-791  I 

9-525  I 

v.. 

8-979  ). 

8 ■ 70S  i 

I 

9-779J 

9 -500  J 

1 

8 -941 J 

8 -674] 

r 

9 -550 1 

9-246] 

r 

8  -738  ] 

8-376] 

111.  J 

9-525  I 

9  -220  I 

VI..  \ 

8-708  I 

8-319  y 

I 

9 -500  J 

9 -105  J 

1 

8 -674  J 

8 -280  J 

The  results  given  in  Table  I  (a)  show  that  under  the  same  condi- 
tions the  values  for  the  mass  dissolved  per  unit  area  are  constant 
•within  an  error  of  +1'5  per  cent.,  and  the  measurements  in  Table  I  (b) 
show  that  the  differences  between  the  greatest  and  least  axes  is  seldom 
more  than  1  per  cent. 

In  Table  II  the  results  are  given  for  another  bullet  under  precisely 
the  same  conditions  of  experiment. 


Table  IL 

Weight  at  com- 
mencement. 

Weight  at 
conclusion. 

Loss. 

Moan  ai-ea 
in  mm. 

Value  for  M. 
A 

4  -7649 
4-3801 
4  -0223 
3  -6795 
3  -3528 
3  0498 

4  -3801 
4  0223 
3  -6795 
3  -3528 
3  -0498 
2  -7773 

0  -3348 
0-3578 
0  -3438 
0  -3267 
0-3030 
0  -2725 

309 -65     . 
292-13 
275  -71 

258-9 
242-97 
227  -09 

12-43 
12-25 

12-48 
12-60 
12-53 
12-05 

Mean  value  for  ' 

M/A 

12-38 

The  mean  value  for  M/A  obtained  with  the  second  bullet  is  2"7  per  cent, 
higher  than  the  first  bullet  under  the  same  conditions,  an  approxima- 
tion sufiBciently  near.  The  experiments  recorded  in  Tables  I  and  II. 
are  intended  only  to  prove  the  efficiency  of  the  apparatus  and  the 
method  of  working. 
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Effects  Produced  by  Variation  of  Conditions. 
I.   Temperature. 
To  dc'tet-mine  the  efPect  produced  by  variation  of  temperature  a 
series  of  exjoeriments  were  conducted  with  the  following  mixture:  — 

r  442  grams  potassium  bichromate  1  -     -i  v^        f     at 
I  32-0       „      sulphuric  acid J 

Table  III. — Temperature  21°. 


Weight  at  com- 
mencement. 

Weiglit  at 
conclusion. 

Loss. 

Mean  area. 

Value  for  — . 
A 

4-6318 
4-3858 
4-1493 
3 -9208 
3-6H72 
3-4808 

4-3858 
4-1493 
3  -9208 
3 -6973 
3 -4808 
3-2006 

Mean  value  for 

0-246 

0-2365 

0-2285 

0-2235 

0-2165 

0  -2082 

M/A 

306-12 
294-64 
283-8 
272  -27 
261  -04 
251  -38 

8-04 
8-03 
8-06 
8-23 
8-30 
8-28 

8-15 

Table  IV. — Temperature  31°. 


Weight  at  com- 

Weight  at 

Loss. 

Mean  area. 

Value  for  ^ . 

menceuient. 

conclusion. 

A 

4-7160 

4  -3998 

0-3162 

309-0 

10-23 

4-3998 

4-0976 

0  -3022 

294 -64 

10-26 

4-0976 

3  -8041 

0  -2928 

284-94 

10-25 

3-8041 

3  -5276 

0-2745 

266  -57 

10-30 

3  -5276 

3  -2581 

0  -2695 

253  -39 

10-64 

3  -2581 

3  0156 

0  -2465 

240-45 

10-27 

3-0156 

2-7736 

0-2430 

228  -99 

10-61 

2-7736 

2  -5476 
Mean  value  for  " 

0  -2270 
M/A 

216-89 

10-47 

10 '38 

Table  V. — Temperature  36'^ 


Weight  at  com- 
mencement. 

Weiglit  at 
conclusion. 

Loss. 

Mean  area. 

Value    of  -. 
A 

4-6647 
4-2973 
3  -9499 
3  -6199 
3  -3138 
2  -8200 

4-2973 
3  -9499 
3-6199 
3-3138 
3 -0253 
2-5553 

0  -3674 
0  -3474 
0-33 
0  -3061 
0-2885 
0  -2652 

tf/A 

304-92 
288-96 
273  29 
257  -55 
242-29 
216  -42 

12-05 
12-02 
12-07 
11-89 
11-94 
12-25 

12-04 
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Weight  at  com- 
mencement. 

Weight  at 
conclusiun. 

Loss. 

Mean  area. 

Value  of 

A 

4  7253 
4-3253 
3-9523 
3  -2623 
2  -9558 

4-3253 
3  -9523 
3-5928 
2  -9558 
2 -6603 

0 -4002 
0-373 
0-3595 
0  -3065 
0  2955 

306 -72 
290  -52 
273  -78 
238  -82 
222  -14 

13  05 
12-84 
13-13 

12  -83 

13  -31 

Mean  value  of  M/A 

13  •(•3 

It  will  be  seen  that  the  difference  of  the  value  of  M/A  is  directly 
proportional  to  the  differences  of  the  temperatures.  This  relation  will 
be  manifest  by  the  figures  given  below  : — 


Temperature. 

Value  for  M/A. 

Log  M/A 

2r 

8-15 

0-9114 

31 

10-38 

1-016 

36 

12-04 

1-0805 

41 

1303 

1-115 

Subtracting  the  first  logai^ithmic  value  from  each  of  the  succeeding, 
one  has — 

(i)  1-016    -  0-9114  =  0-1047  =  2  x  0-0535 

(ii)  1-0804  -  0-9114  =  0-1G92  =  3  x  0-0564 

(iii)  1-115    -  0-9114  =  0-2036  =  4  x  00519 

Thus  the  differences  of  the  logarithms  are  practically  in  the  ratio 
2:3:4,  which  is  the  same  as  that  of  the  differences  of  temperature 
10  :  15  :  20.  Taking  then  the  mean  of  the  logarithmic  differences  as 
0-0539,  and  comparing  the  values  given  in  Tables  lY,  V,  and  VI  with 
that  of  Table  111,  the  observed  and  calculated  results  will  be  as 
follows  : — 


Observed  values. 

Calculated  values 

8-15 

— 

10-38 

10-4 

12-04 

11-84 

1303 

13-4 

The  greatest  difference  between  the  observed  and  calculated  values 
does  not  exceed  3  per  cent.,  or  a  variation  which  might  be  due  to  the 
differences  of  the  rates  of  solution  of  individual  bullets  under  inden- 
tical  conditions. 

A  number  of  other  experiments  were  made  with  different  mixtures 
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of  potassium  bichromate  and  sulphuric  acid  to  confirmi  the  above  re- 
lation between  temperature  and  rate  of  solution. 


Mixture  Taken. 

r  29-0  ^rams  potassium  bichromate  1  •     i  t,           , 
s^,.               ^,,      .         .,                 >inl  litre  water. 
L  d4-4       „      sulphuric  acid J 

Table  YU.— Temperature  21°. 

Weight  at  com- 
mencement. 

Weight  at 
conclusion. 

Loss. 

Mean  area. 

Yalue   of  --. 
A 

4-505 
4-2398 
3  -9863 
3  7401 
3  -2703 

4-2398 
3-9863 
3 • 7401 
3  -5079 
3-056 

Mean  value  of  IV 

0  -2652 
0-2535 
0-2402 
0  2322 
0  -2142 

300 -05 

289 -53 
276  -42 
265-9 
242 -84 

8-82 
8-76 

8-87 
8-74 
8-82 

[/A 

8  80 

Table  VIII.— 

Mixture  as  in  Preceding  Series.     Temperature  31°. 

Weight  at  com- 
mencement. 

Weight  at 
conclusion. 

Loss. 

Mean  area. 

Value  for  '   . 
A 

4-7153 
4  -3755 

3  -7683 
3  -4707 
3-1848 
2  -9078 

4-3755 
4-0518 
3  -4707 
3  -1848 
2-9078 
2 -6488 

0  -3398 

0-3237 

0  -2976 

0-2859 

0-277 

0-259 

308-5 
292-9 
260  15 
248 -85 
234-85 
220  56 

11  01 
11-05 
11-04 
11-49 
11-82 
11-75 

Mean  value  for  ] 

VI/A 

11  -36 

From  the  figures  given  below,  it  is  evident  that  the  difference  of  the 
logarithms  of  the  values  for  M/A  is  equal  to  that  observed  for  the 
difference  of  10°  in  the  preceding  observations  : — 


Temperature.  Yalue  for  M/A.       Log  M/A. 
21"  8-8  0-9445 

31  11-36  1-0553 


Difference. 

0-1108  =  2  X  0-0554 


Adopting  the  above  mean  value,  0*0539  for  5°,  the  observed  and 
calculated  results  will  be  as  follows  : — 


Observed. 


Calculated. 


11-36 


11-28 


II 
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Mixture  Taken. 


50-0  orrams  potassium  bichromate  1         ,  -ii        l      .     i  i-. 

-,^  _,  *=                ,   ,       •         ■  ^  I  mfi'ic  up  with  water  to  1  litre. 

•YS2       ,,       sulphuric  acid J 

Table  IX. — Temperature  21". 


Weight  at  com- 
mencement. 

Weight  at 
conclusion. 

Loss. 

Mean  area. 

..   ,       ,.      M 
\  alue  tor 

A 

4-7419 
4  -4945 
4-256 
4  -0225 
3-8009 

4-4945 
4  2560 
4  -0225 
3  8009 
3 -.581 

0  -2474 
0  ■2:HJS5 
0-2335 
0-2216 
0-2158 

312-33 
301 -56 
290-54 
279  4 
266  -48 

7-92 
7-92 
8-04 
7-92 
8-10 

Yalue  for  MA 

7-98 

Tarle  X. — Mixture  as  in  Preceding  Series.     Temperature  31°. 


Weight  at  com- 
mencement. 

Weight  at 
conclusion. 

Loss. 

Mean  area. 

Value  for  --. 
A 

4-7278 
4-4111 
4-1093 
3  -8185 
3 -5418 
3 -2731 

4-4111 
4-1093 
3-8185 
3  -5418 
3  -2731 
3  -0228 

Mean  value. .  . . 

0  -3167 
0  -3018 
0-2908 
0  -2767 
0  -2687 
0  2503 

308  26 
293-39 
279-64 
266-64 
253  21 
239  -86 

10-27 
10  28 
10-40 
10  39 
10-61 
10-44 

10-4 

The  diffei'ence  of  the  logarithms  of  the  above  mean  values  is  given 
below  : — 


Temperature.     Value  for  M/A. 
21°  7-98 

31  10-4 

Observed  values. 

7-98 
10-4 


Log  M/A. 

0-902 

1-0169 


Difference. 

0-1159  =  2  X  0-0574. 


Calculated. 


10-26 


It  will  be  necessary  to  quote  only  one  more  pair  of  results  to  illus- 
trate the  above  relation  between  temperature  and  amount  dissolved 
ofP  ;  these  were  conducted  with  the  cone  apparatus  :  — 
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Mixture  Taken. 

44-2  cframs  potassium  bichromate  1         ,  -ji        1      ,     ■,  ,-, 

,^  r.                  1  -,      ■        •  -,  r  made  up  with  -water  to  1  litre. 

4b-0       „      sulphuric  acid J 

Table  XL— Temperature  21°. 


Weight  at  coin- 
mencement. 

Wei  fib  t  at 
conclusion. 

Loss. 

Mean  area. 

Value  for  --. 
A 

4-5269 
4 -2562 
3-9942 
3  -7427 
3 -5087 
3 -2777 

4  -2562 
3-9942 
3  -7427 
3  -5087 
3-2777 
3  -0532 

0  -2704 

0-262 

0-2515 

0-234 

0-231 

0  -2225 

302  -59 
289  -23 
277-09 
265  -64 
254 -02 
242  -33 

8-95 
9  06 
9-08 
8-81 
9-09 
9-19 

Mean  value 

9  03 

Table  XIL— 

Mixture  as  in  Preceding  Series.     Temperature  36°. 

Weight  at  com- 

Weight at 

Value  for  — . 

mencement. 

conclusion. 

A 

4-8232 

4-4217 

0-4015 

311-23 

12  9 

4  -2992 

3 

9229 

0  -3763 

287  53 

13-09 

3-9219 

3 

5767 

0  3462 

271 -05 

12-77 

3  -.5767 

3 

2507 

0-326 

254-51 

12-81 

3  2507 

2 

9406 

0-31 

238-1 

13-02 

2-9406 

2 

6542 

0  -2865 

224-79 

12-75 

2-6542 

2 

3867 

0  -2765 

207 -29 

12-9 

2-3867 

2 

1.332 

0-2525 

192  -69 

13-1 

2-1332 

1 

8969 

0 -2363 

178  -65 

13-17 

1-8969 

1  -6772 

0-2197 

166  -86 

13-17 

Mean 

13  -07 



The  difference  of  logarithms  will  be  as  follows :  — 

Difference. 


Temperature.  Value  for  M/ A,       Log  M/A. 
21°  9-03  0-9556 

36  1307  1-1162 

Observed  values. 

9-03 

13-07 


0-1606  =  3  X  0-0536. 
Calculated. 
1311 


All  the  above  experiments  show  that  the  increment  of  the  rate  of 
solution  produced  by  increase  of  temperature  is  independent  of  the 
proportions  of  potassium   bichromate  and  sulphuric  acid  present,  as 
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also  of  the  degree  and  kind  of  motion  imparted  to  the  metallic^ 
bullet. 

The  results  show  that  the  velocity  of  chemical  action  between  copper 
and  chromic  acid  is  an  exponential  function  of  tlie  temperature,  tlie 
former  increasing  in  geometrical  as  the  latter  increases  in  arithme- 
tical proportion.     This  relation  may  be  expressed  by  the  equation — 

(i)   r,  =  t./e^"-',', 
or  (ii)  vi  =  vt'k^'~'\ 

in  which  vt  is  the  velocity  at  a  higher  temperature  t,  Vf  the  velocity  at 
a  lower  temperature  ii,  and  A;  is  a  constant.  (In  equation  (i)  e  =  base 
of  Xaperian  logarithms.)  The  value  for  k  in  equation  (i)  =  O'OIOS  ; 
hence  it  follows  that  the  velocity  is  doubled  for  every  increase  of  30°. 

It  is,  perhaps,  worth  calling  attention  to  the  very  simple  relations 
between  temperature  and  velocity  of  chemical  change,  first  pointed  out 
by  Messrs.  Harcourt  and  Esson  in  the  case  of  hydrogen  peroxide  and 
hydriodic  acid  (this  Journal,  1867,  492).  A  list  of  cases  investigated 
which  follow  the  same  law  is  of  interest. 

Thus  the  velocity  of  reaction  between  potassium  chlorate  and  hy- 
drochloric acid*  is  doubled  for  every  5",  that  between  hydrogen  per- 
oxide and  hydriodic  acid  is  doubled  for  every  10^, f  that  between 
ferrous  sulphate  and  potassium  chlorate  is  doubled  for  every  8° 
(approximately),  that  between  acetic  acid  and  ethyl  alcohol  is 
doubled  for  every  12°, J  that  between  marble  and  hydrochloric  acid 
is  doubled  for  every  20°, §  and  that  between  copper  and  chromic  acid 
is  doubled  for  every  30°. 

As  pointed  out  by  Boguski,||  increase  of  temperature  produces  not 
only  an  increase  of  the  kinetic  energy  of  the  molecules  within  the 
liquid  but  also  a  decrease  of  viscosity.  Upon  these  facttjrs,  concern- 
ing which  too  little  is  known  at  present,  depends  the  numbers  of 
heterosreneous  molecules,  which  have  a  chance  of  colliding  with  one 
other  in  any  unit  interval  of  time. 

Variation  of  Conditions. 
II.  Sulphuric  Acid. 
A  series  of  experiments  were  made  in  which  the  only  variable  in 

*  W.  H.  Pendlebury  and  Miss  M.  Seward,  Froc.  Roy.  Soc,  45,  125. 

t  J.  J.  Hood,  Phil.  Mag.  [5],  20,  327. 

X  Berthelot  and  Pean-St.  Gl-illes,  Ann.  Chim.  Phijs.  [3],  66,  116.  This  result  is 
ralculated  from  the  data  given  bj  the  authors ;  these,  though  few,  are  suflleient  to 
sliow  that  the  eliemical  change  follows  the  same  law.  This  question  has  also  been 
discussed  by  Lemoine,  Etudes  sur  les  Equilibres  chimiques,  p.  178. 

§  Spring,  Zpit.  phi/sikal  Chem.,  1,  219. 

11   Zeit.  phyxikal  Chejn.,  1,  563. 
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the  conditions  was  the  proportion  of  sulphuric  acid,  in  order  to  deter- 
mine the  effect  produced  by  this  variation. 


Mixture  Taken. 

J  41 -3  grams  sulphuric  acid 
1 44-2 


potassium  bichromate 

Table  Xlll.— Temperature  36°. 


>  made  up  to  1  litre. 


Weight  at  com- 

Weight at 

Value  for  — 

mencement. 

conclusion. 

A 

4-8033 

4-435 

0-3683 

311  -07 

11-84 

4-435 

4-0773 

0-3577 

294-83 

12-14 

4-0773 

3  -  7401 

0  -3372 

277  51 

12-15 

3  -7401 

3  -4282 

0-3118 

261  -92 

11-93 

3  -4282 

3  -2327 

0-2955 

247  -34 

11  95 

3  -2327 

2  -9557 

0-277 

232  -41 

11-92 

2-9557 

2 -6902 

0-2655 

21712 

11-94 

2-6902 

2  -4457 

0-2445 

203-07 

12  04 

2-4457 

2-2157 

Mean  value  . , . 

0-23 

190  -26 

12-07 

12  00 

Mixture  Taken. 


f  35"4  grams  sulphuric  acid 1         ,  ,     ,  ,., 

<i   .  .  r>  .       ■         ,  •  1  r  made  up  to  1  litre. 

L  44-z       „      potassium  bichromate.  J 

Table  XIV. — Temperature  36°. 


Weight  at  com- 
mencement. 


4-7678 
4 -4438 
4  -1365 
3  -  8403 
3-406 


Weight  at 
conclusion. 


4-4438 
4-1365 
3-8403 
3  -406 
3  154 

Mean  value 


0-324 
0  3073 
0  -2962 
0  -275 
0-252 


Mean  area. 


308  -07 
294  -08 
2^0•15 
266-53 
240  -89 


Value  for 


M 


10-50 
10-45 
10-57 
10-34 
10-46 


10-44 


Mixture  Taken. 

29-5  grams  sulphuric  acid "I         ,  ,     ,  ,., 

AAo  ,       ■         11  .     r  made  up  to  1  litre. 

.  44'ii       „      potassium  bichromate  J 
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Tablk  XV. — Temperahire  36°. 


Weight  at  com- 
mencement. 

W'eifllit  at 
conclusion. 

Loss. 

Mean   area. 

Value  for  — . 

4  -6438 
4-3715 
4-1113 
3 -8o01 
3-6228 
3-3943 

4-3715 
4-1113 
3  -8601 
3-6228 
3-3943 
3-1681 

Mean  value 

0  -2723 
0-2601 
0-2512 
0  -2372 
0-2205 
0-2255 

303  -96 
292  -65 
280  -82 
268-96 
256-54 
245  -5 

8-96 
9-06 
8-94 
8-82 
8-91 
9-19 

8-98 

Mixhcre  Taken. 


r  23-5  STams  sulphuric  acid 1         ^  , 

<  °  ^     .  >  made  up  to 

L  44-2       „      potassium  bichromate  .  J 

Takle  XVL— Temperature  36°. 


1  litre. 


Weight  at  com- 
mencement. 

AVeifiht  at 
conclusion. 

Loss. 

Mean  area. 

Value  for    -. 

4  -6632 
4-213 
3 -9927 
3-7837 
3-5877 
3 -3902 

4-4317 
3  9927 
3-7837 
3-5877 
3  -3902 
3-202 

]Mean  value  . . . 

0-2315 
0-2203 
0-209 
0-205 
0  -1965 
0  -1882 

310-43 
288  -65 
278  67 
268  -62 
258  31 
247 -91 

7-46 
7  63 
7-50 
7-63 

7-62 
7-58 

7-60 

In  the  above  experiments  (Tables  XII — XVI),  the  quantities  of 
sulphuric  acid,  the  only  variable  in  the  conditions,  have  been  taken 
in  the  arithmetical  proportion  2:1-75:1-5:1-25:1;  the  values  for 
M/Aare  also  in  an  arithmetical  proportion  (a  result  a  priori  probable). 
Thus  assuming  a  common  difference  of  1-4  between  each  successive 
number  in  the  series  of  the  values  for  M/A,  the  values  calculated 
will  be — 

13-2  :  11-8  :  10-4  :  9-0  :  7-6, 

while  those  found  were 

13  07  :  12-0  :  10-44  :  8-98  :  7-6, 

showing  a  maximum  error  of  I'S  per  cent,  between  the  calculated  and 
the  observed  numbers. 
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TliG  increase  in  tlie  rate  of  solution  is  proportional  to  the  quantity 
of  sulphuric  acid,  or  the  curve  representing  the  rate  of  solution  as  a 
function  of  the  concentration  of  the  acid  is  a  straight  line.  The 
equation  for  this  line  is 

14 


y 


-  2  = 


59 


X, 


in  which  x  is  the  number  of  grams  of  sulphuric  acid  per  litre,  and 
y  the  value  for  M/A;  this  equation  shows  that  under  the  same  con- 
ditions copper  would  dissolve  to  a  slight  extent  in  an  aqueous  solution 
of  potassium  bichromate  of  the  concentration  used  in  the  above 
experiments,  without  the  presence  of  the  sulphuric  acid. 

III.  Potassiu'm  Bichromate. 

A  series  of  experiments  were  fua^ther  made  to  determine  the  effeet 
produced  by  variation  of  the  proportion  of  the  potassium  bichromate, 
other  conditions  being  kept  constant. 


Mixture  Talcen, 

21"1  Q-rams  potassium  bichromate  1         ■,  i     i  i-j. 

^           ^      ,      .          ^  >  made  up  to  1  litn 

47-2       ,,      sulphuric  acid j 


r2i 

147 


Table  XVII.- 

—Temiperature  36°. 

Weiglit  at  com- 
mencement. 

Weight  at 
conclusion. 

Loss. 

Mean  area. 

Yalue  of  — . 
A 

4-6843 
4-3149 
4-0575 
3-8148 
3  -5818 
3-1588 
2-9503 
2  -7533 

4  3149 
4-057 
3 -8148 
3  -5818 
3  -3613 
2 -9503 
2  -7533 
2  -5629 

0  -2694 
0-2574 
0  -2427 
0-233 
0  -2205 
0  -2055 
0-197 
0  1904 

314-98 
296  -81 
285-12 
274  -17 
263  -96 
241  -95 
232  -26 
222 -45 

8-53 
8-67 
8  51 
8-50 
8-34 
8-49 
8-48 
8-56 

S-ol 
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Mixture  Talcen. 


f  27-62  srrams  potassium  bichromate  1         i  i.     i  i  m 

<.«,^                   ,,       .         .,  ^  made  up  to  1  litre 

\  47-12       „      sulphuric  acid J  ^ 

Taiii,!.;  XYlll.— Temperature  36°. 


Weight  at  com- 

Weight at 

Value  of  ^. 

mencement. 

conclusion. 

A 

4-6873 

4  -3475 

0  -3398 

305-6 

11-12 

4  -3 175 

4  -0218 

0  -3257 

290-7 

11-21 

4  0218 

3  -7075 

0-3133 

276  -85 

11-32 

3 -7075 

3  -4173 

0  -2903 

260  -34 

11-15 

3  -4173 

3  -1453 

0-272 

246-57 

11  03 

3  -1453 

2  -8068 

0  -2585 

233  -15 

11-11 

2 -8G68 

2  -6231 

0  -2437 

218-61 

1115 

6-6231 

2  -3908 

0  -2323 

206  -47 

11-25 

2  -3908 

2-1226 

0  -2182 

194  -03 

11  -25 

11-17 

Mixture  Taken. 

r  33-15  fframs  potassium  bichromate  1         ,  .     i  tj. 

s   ,„,,"  ^       ,      .        .,  i- made  up  to  1  litn 


147-12 


I 


sulphuric  acid J 

Table  XIX. — Temperature  36°. 


Weight  at  com- 
mencement. 

Weight  at 
conclusion. 

Loss. 

Mean  area. 

Value   of  — . 
A 

4-6108 
4  -2 108 
3  -8904 
3-3133 
3  -0248 
2-7473 

4-2408 
3-8904 
3  -3133 
3-0248 
2  -7473 
2 -4897 

0-37 
0  -3504 
0-3396 
0  -2885 
0-2775 
0  -2576 

301  -53 
286  -05 
269  -54 
236  -56 
220-98 
206-17 

12-27 
12-23 
12-60 
12-20 
12-56 
12-49 

12-39 

2  E  2 
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Mixture  Taken. 


{55'25  Sframs  potassium  bichromate  1         ,  ,■,■,■, 

,  ^  -,    °               1   ,      .        ■  -,  }  made  up  to  1  litre. 

4/z         ,,      sulphuric  acid J 

Table  XX.— Temperature  36°. 


Weight  at  com- 

Weight  at 

Loss. 

Mean  area. 

Value  of   -. 

mencemeut. 

conclusion. 

A 

4-3905 

3  -9876 

0 -4009 

290  -64 

13-73 

3 -9896 

3-6118 

0-3778 

272  28 

13-88 

3-6118 

3  -2651 

0  -3567 

254-61 

14-00 

3 -2651 

2  -9331 

0  332 

237-1 

14  01 

2-9331 

2  -6418 

0-2913 

220-8 

13-81 

2  -6418 

2  -3573 

0  -2845 

206  -08 

13-81 

2 -3573 

2  -0893 
Mean  value  . . .  , 

0  -2680 

189  -75 

14-12 

13  -91 

Mixture  Taken. 

66'3     srrams  potassium  bichromate  "I         -,  ,-,■,•, 

^h7ir.                   11       •        •-!  ( made  up  to  1  litre. 

47'iij        „      sulphuric  acid J 


Table  XXI.- 

-Temperature  36°. 

Weight  at  com- 

Weight at 

Value  of  ~. 

mencement. 

conclusion. 

A 

4 

656 

4  -2263 

0  -4297 

306  -27 

14-03 

4 

2263 

3  -8258 

0-4005 

281  -62 

14-22 

3 

8258 

3-4238 

0-372 

262-48 

14-17 

3 

4238 

3-0888 

0-335 

241  -08 

13-92 

3 

0888 

2-7671 

0-3217 

226 -84 

14-21 

2 

7671 

2-4666 

0-3002 

211-63 

14-19 

2  -4666 

2-1875 
Mean  value  .... 

0  -2791 

195-13 

14-31 

14-15 

The  results  set  forth  in  Tables  XVII  to  XXI  and  XII  are  summed 
up  below ;  the  general  proportions  of  potassium  bichromate,  -which 
were  taken  in  the  ratio  1  :  1-25  :  1*5  :  2  :  2'5  :  3  ;  in  the  second  column 
are  given  the  values  for  M/A,  and  in  the  third  are  given  the  difference, 
either  calculated  or  determined,  which  correspond  to  each  successive 
addition  of  Il'l  grams  potassium  bichromate. 
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Grams. 

Grams. 

Grams. 

Grams. 

Grams.   Grams. 

Proportion  of  potassium  bichro- 

22-1 
8-51 

27-G2 
11  17 

33-15 
12-39 

44-2 
13-07 

55  -2 
13-91 

6G-3 

14-15 

A 

) 

5-32           4-3fi       0-fiS     0-84         0  24 

It  is  evident  from  the  above  figui'es  that  the  effect  produced  by 
each  successive  addition  of  potassium  bichromate  is  at  first  con- 
siderable, then  is  nearly  proportional  to  the  amount  of  potassium  bi- 
chromate added,  and  finally  is  reduced  almost  to  nil.  (The  numbers 
0-67  and  O'Sl'  would  become  equal  if  there  were  an  error  of  less  than 
1  per  cent,  in  any  of  the  three  values  12-39,  1307,  and  13'91.)  It  is 
probable  that  potassium  bichromate,  when  added  beyond  a  certain 
amount,  would  merely  be  so  much  inert  matter,  or  even  so  much 
matter  in  the  way  of  the  colliding'  molecules  of  copper  and  sulphui-ic 
acid. 


Conclusion. 

The  main  results  embodied  in  the  present  paper  may  be  summed 
up  as  follows  : — 

(1.)  When  a  metallic  sphere,  placed  within  an  acid  liquid,  receives 
an  equal  number  of  impacts  per  unit  time,  or  is  regularly  rotated,  it 
will  dissolve  uniformly,  the  amount  dissolved  off  being,  as  was  to  be 
expected,  proportional  to  the  surface  exposed. 

(2.)  In  the  particular  case  of  metallic  copper  within  a  solution  of 
potassium  bichromate  acidulated  with  sulphuric  acid,  the  amount  of 
metal  dissolved  off  is  dependent  upon  the  conditions  of  (a)  tempera- 
ture, (&)  proportion  of  sulphuric  acid,  and  (c)  proportion  of  potassium 
bichromate. 

(a.)  If  the  temperature  in  degrees  be  varied  in  an  arithmetical 
proportion,  the  amount  dissolved  off  varies  in  a  geometrical  propor- 
tion. This  amount  is  doubled  for  every  30°,  whatever  be  the  con- 
centration or  acidity  of  the  solution.  This  change  is  thus  perfectly 
analogous  to  several  others  quite  different  from  it  and  from  one 
another  in  their  nature. 

(6.)  If  the  quantities  of  sulphuric  acid,  other  conditions  remaining 
the  same,  be  varied  in  arithmetical  proportion,  the  amount  of  metal 
dissolved  off  also  varies  in  an  arithmetical  proportion. 

(c.)  If  the  quantities  of  potassium  bichroraate,  ohher  conditions 
remaining  the  same,  be  varied  in  arithmetical  proportion,  the  amount 
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dissolved  off  is  at  first  increased  considerably  by  each  successive 
addition  of  potassium  bichromate,  then  varies  in  arithmetical  pro- 
portion, and  finall}'  is  but  little  affected  by  the  amount  of  potassium 
bichromate  present. 


XLI. — Experimental  Researches  on  the  Periodic  Law.      Part  I. 
Tellurimn. 

By  BoHUSLAV  Beaunee,  Ph.D.,  F.C.S.,  late  Berkeley  Pellow  of 
Owens  College. 

On  the  Atomic  Weight  of  Tellurium. 

The  atomic  weight  of  tellurium  has  been  determined  by  Berzelius, 
who  for  this  purpose  oxidised  tellurium  with  nitric  acid,  and  weighed 
the  tellurium  dioxide  left  on  ignition.  He  obtained  the  following 
number.s  :  128-9  (in  1812),  128-9  (in  1818),  and  128-3  (in  1832).  In 
the  year  1857,  v.  Hauer,  by  analysis  of  the  potassium  tellurium 
bromide,  found  Te  =  127-9.*  Up  to  the  present  time,  the  round 
number  Te  =  128  has  generally  been  accepted  as  the  true  atomic 
weight  of  tellurium.  (See  the  atomic  weight  recalculations  by  Clarke, 
Washington,  1882 ;  L.  Meyer  and  Seubert,  Leipsic,  1883 ;  and 
Ostwald,  Lehrbtich,  Leipzig,  1884.) 

In  the  periodic  system  of  elements,  however,  tellurium  lies  in 
Series  VI,  between  antimony  =  122  and  iodine  =  127,  and  it  was 
therefore  assamed  by  Mendeleeff,  that  the  true  atomic  weight  of 
tellurium  lies  between  these  numbers,  and  is  about  125,  as  follows : — 

Sb.  Te.  I. 

122  125  127 

According  to  the  recent  determinations  made  by  J.  P.  Cooke,  as  well 
as  those  of  Stas,  these  elements  have  the  following  atomic  weights, 
Sb  =  119-96  and  I  =:  126-86,  and  we  may  therefore  expect  that  the 
atomic  weight  of  tellurium  will  be  still  smaller  than  the  above,  namely, 
about  123-5. 

*  All  atomic  weights  used  in  this  paper  refer  to  the  standard  O  =  16,  for 
reasons  published  by  me  in  the  Chemical  Neivs,  58,  307,  and  Ber.,  22,  1186, 
of  May  27th,  1889.  My  arguments  were,  I  may  say,  accepted  as  vahd  by  Horst- 
mann  {Berl.  Ber.,  22,  R.  85)  and  Ostwald  {ibid.,  1021),  although  not  by  Lothar 
Meyer  and  Seubert  (ibid.,  22, 872—879) .  The  numbers  used  are  O  =  16,  S  =  32-07, 
Cu  =  63-3,  Br  =  79-963,  Ag  =  107-938. 
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This  circumstance  caused  Wills  (Ghem.  Soc.  Journ.,  Trans.,  1879, 
70-i — 718)  in  1879  to  redetcrniine  the  atomic  Aveight  of  tellurium.  By 
the  oxidation  of  tellurium  with  nitric  acid  (I),  Wills  obtained  numbers 
varying  between  Te  =  126"63  and  129'GG.  Oxidation  with  aqua 
regia  (II),  gave  Te  =  12809  and  128-30.  Lastly,  analysis  of 
potassium  tellurium  bromide  gave  Te  =  126'39 — 127-93.  Wills  con- 
cludes from  his  experiments  "  that  the  atomic  weight  of  tellurium 
does  not  lie  between  those  of  iodine  and  antimony,  but  is  greater  than 
the  former  element,  which  must,  therefore,  precede  tellurium  in 
MendeleefF's  classification." 

I  may  be  allowed  to  remark  that  the  differences  between  the  maxima 
and  minima  of  the  numbers  obtained  by  Wills  as  the  atomic  weight 
of  tellurium  differ  in  the  Series  I  (see  above)  by  3'03  units,  in  Series  II 
by  0"21,  and  in  Series  III  by  1*57  units,  those  of  the  three  series 
showing  a  distance  of  3'27  units  and,  as  21*4  per  cent,  of  Wills' 
numbers  are  loicer  than  the  atomic  weight  of  iodine,  it  is  certainly 
strange  to  see  that  from  such  discordant  results  a  conclusion  of  such 
great  theoretical  importance  should  be  drawn. 

It  has  been  shown  lately  by  Basaroff  (./.  Btiss.  Chem.  Soc,  1887, 
(31 — 73),  that  in  the  same  manner  as  the  elements  follow  each  other 
in  the  periodic  system,  their  atomic  weights  are  found  to  increase,  so 
that  the  regular  variation  of  quotients  obtained  by  dividing  the  atomic 
weight  of  an  element  by  that  of  the  next  lower  one  may  be  repre- 
sented graphically  in  a  satisfactory  manner,  and  it  was  therefore  still 
more  probable  that  the  said  regularity  should  hold  good  also  in  the 
case  of  tellurium,  and  that  a  lower  value  would  be  obtained  for  its 
atomic  weight  than  that  of  iodine,  I  =  126'86. 

The  object  of  the  following  research  was  to  undertake  a  thorough 
revision  of  the  atomic  weight  of  tellurium,  and  to  that  research  I  have 
devoted  the  greater  part  of  my  spare  time  during  the,  past  six  years. 

It  was  to  be  expected  that  tellurium  would  not  remain  an  exception 
to  the  periodic  law,  for  although  nearly  one-third  of  the  known 
elements  would  not  have  fitted  into  the  periodic  system  with  their 
originally  accepted  atomic  weights,  yet  hitherto  it  has  been  found 
that  these  atomic  weights  are  at  fault,  and  not  the  system.  These 
apparent  exceptions  are:  Li,  Be,  Sc,  Ti,  V,  Co,  Ga,  Y,  Nb,  Mo,  Ru, 
In,  Sb,  Cs,  La,  Ce,  Ta,  Os,  Ir,  Pt,  Bi,  Au,  Th,  and  U. 

Preparation  of  Material. 

Two  kinds  of  material  were  used  for  the  preparation  of  pure 
tellurium :  Hungarian  tellurium  ores,  nagyagite,  sylvanite,  and 
petzite  and  Hungarian  crude  tellurium.  After  bringing  the  tellurium 
into  solution  in  the  form  of  chloride,  it  was  precipitated  in  the  usual 
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way  with  sulphur  dioxide  in  the  elementaiy  state,  and  this  precipitate, 
after  drying,  was  fused  with  potassium  cyanide  in  order  to  get  rid  of 
any  selenium  which  might  be  present,  although  none  could  be 
detected  in  it,*  and  also  of  traces  of  the  heavy  metals  which  are 
carried  down  with  the  tellurium  on  precipitating  it  with  sulphur 
dioxide.  From  the  claret-coloured  solution  of  potassium  tellui-ide, 
tellurium  was  precipitated  by  means  of  a  current  of  air.  Lastly,  it 
was  placed  in  little  porcelain  boats  which  were  introduced  into  a  wide 
Bohemian  glass  tube,  surrounded  by  wire  gauze,  and  then  distilled  in 
a  current  of  hydrogen.  Minute  traces  of  tellurides  of  the  heavy 
metals  were  left  behind. 

The  distilled  tellurium  forms  a  crystalline  mass  of  silvery  lustre 
which  does  not  change  its  colour  on  exposure  to  the  air.  During 
distillation,  part  of  the  tellui-ium  combines  with  hydrogen,  forming 
tellurium  hydride  which,  before  escaping  from  the  heated  tube,  is 
again  decomposed  with  deposition  of  beautiful  needle-shaped 
crystals  of  the  element  measuring  1  cm.  or  more  in  length ; 
the  hydrogen  formed,  however,  always  contains  some  gas  of  an 
extremely  disagreeable  odour  which  behaves  like  tellurium  hydride, 
and  has  very  poisonous  properties. 

By  this  costly  process,  large  quantities  of  tellurium  were  prepared, 
the  properties  of  which  are  those  required  of  pure  tellurium,  accord- 
ing to  the  present  state  of  our  knowledge;  it  maybe  redistilled  in 
hydrogen  without  leaving  any  residue,  and  no  impurities  can  be 
detected  in  it  by  qualitative  analysis. 

Determination  of  the  Atomic  Weight. 

It  was  my  intention  to  determine  the  atomic  weight  of  tellurium  by 
as  many  independent  methods  as  possible,  but  in  the  course  of  this 
investigation  it  was  found  to  be  very  difficult  to  devise  methods 
which  would  answer  the  purpose.  In  this,  as  in  many  other  respects, 
tellurium  approaches  its  next  horizontal  "  atoraanalogue,"  antimony, 
of  which  Berzelius  said  in  1812  :  "  I  have  never  worked  with  a 
material  with  which  it  was  so  extremely  difficult  to  obtain  constant 
results."     (Schweiger,  6,  149.) 

All  the  reagents  used  in  the  course  of  the  present  investigation,  as 
hydrochloric,  nitric,  and  sulphuric  acids,  were  subjected  to  fractional 
distillation  from  platinum  vessels,  and  the  water  employed  was 
redistilled  with  alkaline  permanganate,  and  the  steam  cooled  in  a 
platinum  condenser ;  the  set  of  weights  used  was  corrected  by  the 
method  of  vibrations. 

*  Having  been  probably  volatilised  by  the  repeated  evaporations  with  strong 
hydrochloric  acid  employed  to  get  rid  of  nitric  acid. 


ON   THE   PERIODIC   LAW. 


385 


A.   Conversion  vf  Telhirinm  into  the  Dioxide. 

Tellurium  was  oxidised  (a)  with  nitric  acid  ;  {b)  with  aqua  rcgia. 

(a.)  Oxidation  ivith  Nitric  Acid. —  The  fiuely  powdered  tellurium 
was  treated  in  Experiments  1  and  2  in  a  platinum  crucible  with  dilute 
nitric  acid,  in  which  it  readily  dissolves.  The  crucible  was  covered 
with  a  watch-glass,  in  order  to  avoid  loss  by  spirting.  Aftei"  the 
reaction  Avas  over,  the  contents  of  the  crucible  were  evaporated  to 
di'yness  on  a  water-bath,  and  then  heated  slowly  up  to  400°.  It  was 
observed,  however,  that  the  basic  tellurium  nitrate  formed  loses  its 
last  trace  of  nitric  acid  at  a  temperatui-e  at  which  part  of  the 
tellurous  anhydride  contained  in  the  ci'ucible  begins  to  volatilise,  the 
watch-glass  becoming  covered  with  a  white  substance. 

Experiment  No.  3  was  carried  on  in  a  flask  of  hard  Bohemian 
glass  (previously  boiled  Avith  aqua  regia)  so  that  the  volatile  portions 
were  condensed  in  its  colder  neck.  This  method  was  abandoned,  as  it 
did  not  give  constant  results. 

Exp.  Tellurium.  Te  dioxide.  Atomic 

No.  grams.  grams.  weight. 

1 1-9509  2-4437  126-7 

2 0-9212  1-1523  127-6 

3 1-2947  1-6267  124-8 

(b.)  Oxidation  with  Aqua  Regia. — Weighed  quantities  of  pure 
powdered  tellurium  were  placed  in  a  round-bottomed  flask  of  hard 
Bohemian  glass,  Fig.  1  (previously  boiled  for  many  days  with  aqua 
regia),  and,  after  introducing  some  hydrochloric  acid,  nitric  acid  was 


Fig.  1. 
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added  gradually.  As,  however,  large  quantities  of  the  finely  divided 
spray  of  the  solution  are  carried  over  with  the  escaping  gases,  the 
neck  of  the  flask  was  closed  with  a  glass  tube,  6,  containing  bulbs  in 
the  middle,  the  wider  end  of  which  was  tightly  ground  into  the  neck 
of  the  flask,  the  narrow  end  dipping  into  a  small  beaker  containing 
nitric  acid.  The  escaping  gases  are  thus  forced  to  pass  through  the 
nitric  acid  contained  in  the  small  bulbs  and  in  the  beaker,  and  in  this 
way  the  escaping  spray  of  tellurium  solution  is  completely  con- 
densed. 

The  arrangement  of  this  simple  apparatus  is  seen  from  Fig.  1,  and 
it  was  used  several  times  during  the  course  of  the  present  investiga- 
tion when  Aveighed  quantities  of  substance  had  to  be  dissolved 
without  any  of  the  latter  being  carried  off  with  the  escaping  gases. 

On  evaporating  the  solution  of  tellurium  in  aqua  regia,  some  of  the 
tellarium  tetrachloride  formed  is  volatilised — a  circumstance  which 
was  overlooked  by  Wills — and,  further,  during  the  evaporation,  organic 
substances  contained  in  the  air  may  be  condensed  in  it,  causing  a 
subsequent  reduction  at  a  higher  temperature.  In  order  to  avoid 
these  sources  of  error,  the  solution  of  tellurium  was  evaporated  in  a 
current  of  pure,  dry  air  in  an  apparatus  the  arrangement  of  which  is 
seen  from  Fig.  2.  Air  from  the  open  was  aspirated  through  potash 
solution,  e,  a  long  layer  of  cotton-wool,  /,  over  pumice-stone  soaked 


Fig.  2. 


with  sulphuric  acid,  g,  and  then  passed  through  a  tube,  h,  containing 
red  hot  platinum  sponge.  This  tube  ended  in  d,  which  is  ground  into 
the  flask  a  containing  the  tellurium  solution,  and  heated  in  an  air- 
bath,  h,  the  bottom  of  which  was  protected  from  the  direct  action  of 
the  radiant  heat  by  a  screen,  c,  made  of  asbestos  cardboard.  The  glass 
bulbs  i  and  flask  h  serve  for  the  condensation  of  the  acids  escaping 
from  the  flask  a.     The  various  single  pieces  of  which  this  apparatus 
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is  composed  are  connected  either  by  air-tiglit  ground  glass  joints  or 
by  fusing  them  together,  -without  the  use  of  cork  or  rubber  any- 
■where. 

The  distilled  mixture  of  hydrochloric  and  nitric  acids,  on  evapora- 
tion with  sulphuric  acid,  gives  several  milligrams  of  basic  tellurium 
sulphiitc  (see  below,  B),  but  it  is  a  question  whether  the  whole  of  the 
escaping  tellurium  can  be  collected  in  this  way.  However,  on 
neglecting  even  this  small  quantity  of  tellurium,  the  atomic  weight 
will  be  found  to  be  higher  by  1"2  units.  After  evaporation  to  dryness, 
the  residue  in  the  flask  was  repeatedly  evaporated  down  with  nitric 
acid  in  a  current  of  air  at  110°,  and  finally  heated  to  440°.  It  was 
found,  however,  that  at  the  point  at  which  tellurium  trioxide  decom- 
poses into  the  dioxide  and  oxygen  the  dioxide  begins  to  volatilise ; 
moreover,  when  the  "  tellurium  dioxide  "  after  weighing  was  treated 
with  hydrochloric  acid,  a  white  residue  was  always  left,  and  this 
would  not  dissolve  in  the  acid  even  on  continued  boiling ! 

Exp.  Te. 

No.  grams. 

4 2-3092 

5 2-8153 

6 4-0176 

7 3-1G13 

8 0-8399 

B.   Conversion  of  Tellurium  Dioxide  into  the  Basic  Sulphate. 

As  Marignac  (Archives  So.  Fhys.  Nat.  [3],  10,  17,  separate  copy) 
had  succeeded  in  determining  the  atomic  weight  of  bismuth  by  the 
conversion  of  the  oxide  into  the  sulphate,  a  similar  method  was  tried 
with  tellurium  dioxide.  For  this  purpose,  tellurium  dioxide  was 
dissolved  in  hydrochloric  acid,  and  the  solution  (containing  always 
some  undissolved  white  substance)  was  evaporated  to  dryness  with  a 
slight  excess  of  sulphuric  acid.  As  soon  as  the  hydi^ochloric  acid  had 
been  driven  ofF,  beautiful,  glistening  crystals — rhombic  scales — of 
basic  tellurium  sulphate,  TcoOiSOs,  were  left.  Sometimes  beautiful, 
regular  crystals — combinations  of  the  cube  with  octohedron — were 
observed,  but  these  seem  to  be  another  salt.  It  was  remarkable  that 
when  this  operation  was  carried  on  in  platinum  crucibles  lower  results 
were  obtained  (Experiments  9,  10,  11),  whereas  in  glass  or  porcelain 
vessels  (Experiments  12  and  13)  the  excess  of  sulphuric  acid  could 
not  be  driven  off  without  the  sulphate  undergoing  partial  decom- 
position, so  that  the  results  obtained  were  very  high. 


TeO.. 

Atomic 

gi-ams. 

weiglifc. 

2-9001 

125-0 

3-5332 

125-5 

5-0347 

126-4 

3-9685 

125-3 

1-0526 

126-4 
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Exp. 

TeO.,. 

TesSOy. 

Atomic 

No. 

grams. 

grams. 

•weight. 

9 

.  . .      2-4437 

3-0570 

127-5 

10 

. . .      1-0526 

1-3202 

125-5 

11 

. . .      1-1523 

1-4461 

125-0 

12 

. . .      5-0239 

6-2182 

136-4 

13 

. . .     2-9818 

3-7197 

129-4 

C.  Conversion  of  Tellurium  into  the  Basic  Sulphate. 

Tellurium  was  first  converted  into  the  dioxide,  and  the  latter  into 
the  sulj)hate.  Experiments  14 — 19  were  made  in  platinum  crucibles, 
and  they  give  again  lower  results  than  Experiment  20  which  was 
made  in  a  glass  flask. 

Exp.  Te.  Te.SO-.  Atomic 

No.  grams.  grams.  weight. 

14 1-9509  3-0570  127-1 

15 0-9212  1-4461  126-4 

16 0-8399  1-3202  125-9 

17 0-5836  0-9166  126-2 

18 0-5243  0-8261  125-1 

19 1-5464  2-4405  124-6 

20 5-1674  8-0271  130-0 

The  method  was  given  up  as,  in  spite  of  the  greatest  care,  it  was 
found  to  be  impossible  to  obtain  constant  results. 

D.   Synthesis  of  Silver  Telluride. 

Chemically  pure  silver  (preparation  see  below)  was  weighed  in  a 
porcelain  boat,  and  tellurium  vapour  passed  over  it  while  it  was 
heated  in  a  porcelain  tube  in  a  current  of  carbon  dioxide.  The  latter 
was  purified  by  passing  it  over  hot  sodium  carbonate,  and  then  over 
red  hot  silver  and  copper  wire.  On  allowing  it  to  cool  in  a  current  of 
the  same  gas,  silver  telluride  having  approximately  the  composition 
AgoTe  remained  in  the  boat  as  a  fused,  crystalline  mass  of  metallic 
lustre. 

Experiment  21. — 1-1434  grams  of  silver  gave  1-8019  grams  of  silver 
telluride  (containing  0-6585  Te).  From  this  the  atomic  weight  Te  = 
124-3  is  calculated.  It  may  be  that  the  interior  of  the  mass  contains 
uncombined  metallic  silver  which  escaped  the  action  of  the  tellurium 
vapour,  and  therefore  a  fresh  portion  of  finely  divided  silver  was 
mixed  with  an  excess  of  powdered  tellurium,  and  this  mixture  was 
first  fused  in  a  current  of  carbon  dioxide,  and  then  strongly  heated. 

It  was  found  that  the  silver  telluride  obtained  was  more  brittle  and 
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more  easily  fusible  than  that  just  described,  and  tliat  it  contained 
an  excess  of  tellui-ium  over  that  required  by  the  formula  AgoTe ; 
whereas,  when  its  composition  approaches  that  formula,  it  does  not 
melt  even  at  a  strong  red  heat,  and  is  far  less  brittle. 

Experiment  22. — From  0'5382  gram  of  silver,  the  following 
quantities  of  telluride  were  obtained  : — 

Time  of  licating  Tellurick'.  Atomic 

in  hours.  grams.  weight. 

(a.) 4  0-8607  129-5 

(6.)   7  0-8589  128-6 

(c.)    15  0-8560  127-5 

In  order  to  drive  off  any  excess  of  tellurium  which  might  have 
remained  in  the  interior  of  the  fused  mass,  the  telluride  was  powdered 
and  heated  again  for  five  hours.  It  did  not  fuse  again,  and  its  weight 
was  finally  0-8513  gram.     This  corresponds  with  Te  =  125-6. 

Experiment  23. — 1*0796  grams  of  silver  was  mixed  with  an  excess 
of  tellurium  and  heated  in  the  way  described.  After  three  hours, 
1-8906  grams  of  silver  telluride  was  formed  ;  after  11  hours, 
1-7194  grams.  Hydrogen  does  not  reduce  this  compound  to  pure 
silver,  on  the  contrai-y,  silver  seems  to  combine  more  readily  in  its 
presence  with  an  excess  of  tellurium,  and  the  latter  is  given  off  with 
greater  difficulty.  The  result  was  1-7187  grams,  calculation  fi'om 
which  gives  Te  =  127-8. 

Experiment  24. — In  order  to  obtain  a  very  high  temperature,  a 
Fletcher  tube-furnace,  acting  with  or  without  blast,  was  used.  The 
boat  containing  the  tellurium  and  silver  was  heated  for  half  an  hour 
to  redness,  and  then,  for  10  minutes  only,  to  a  yellow  heat,  as  other- 
wise the  boat  fuses  to  the  inside  of  the  porcelain  tube.  0-4917  gram 
of  silver  yielded  0-7835  gram  of  telluride,  from  which  Te  =  128' 1. 

It  is  seen  from  these  experiments  that  at  a  point  at  which  the 
silver  telluride  contains  for  2  atoms  of  silver  127-5  to  128-1  parts  of 
tellurium,  the  excess  of  the  latter  is  di'iven  off  with  the  greatest 
difficulty.  If,  however,  the  surface  of  the  telluride  is  artificially 
increased,  dissociation  of  the  silver  telluride  begins  to  take  place. 

The  partial  synthesis  of  silver  telluride  does  not  give  results 
sufficiently  exact  for  the  determination  of  the  atomic  weight  of 
tellurium. 

E.   Synthesis  of  Copper  Telluride, 

Copper  combines  with  tellurium  with  far  greater  energy  than  silver 
does,  so  that  a  telluride  of  the  composition  Cu2Te  absorbs  further 
qnantities  of  tellurium  if  heated  in  its  vapour,  this  absorption  again 
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going  on  better  in  an  atmospliere  of  hydrogen  than  in  one  of  carbon 
dioxide. 

The  copper  employed  in  these  experiments  was  prepared  by 
Hampe's  method  (Zeit.  anal.  Chem.,  1874,  352),  that  is,  electrolysis 
of  a  copper  solution  from  which  the  impurities  had  been  removed  by 
partially  precipitating  with  potassium  hydroxide.  Before  experi- 
ment, the  pure  copper  was  heated  in  a  current  of  hydrogen  and 
allowed  to  cool  in  an  atmosphere  of  carbon  dioxide. 

As  the  polytellurides  of  copper  formed  at  first  (they  are  interesting 
compounds  and  alloys)  give  off  the  excess  of  tellurium  above  that 
required  by  the  formula  CuoTe  with  far  greater  difhculty  than  the 
silver  polytellurides,  the  full  heat  of  the  Fletcher  blast  tube-furnace 
had  to  be  employed.  The  mixture  of  copper  and  tellurium  was  con- 
tained in  a  small  porcelain  boat,  the  outer  glaze  of  which  had  been 
removed  by  etching  with  hydrofluoric  acid.  This  boat  was  placed  in 
a  larger  one,  filled  up  to  the  edge  with  Calais  sand,  and  this  second 
boat  was  placed  on  a  layer  of  sand  in  the  porcelain  tube  in  order  to 
avoid  the  chance  of  the  different  porcelain  vessels  fusing  together. 
The  synthesis  of  the  copper  telluride  was  effected  in  the  same  manner 
as  that  of  the  silver  telluride,  the  temperatui'e  being  of  course  con- 
siderably higher. 

Of  the  numerous  experiments  made,  only  a  typical  one  need  be 
mentioned  here. 

Experiment  25. — The  copper  telluride  was  weighed  after  being 
heated  for  a  definite  length  of  time  to  a  yellovv  heat,  and  then  heated 
again.  It  will  be  seen  that  the  quantity  of  tellurium  given  off  is 
smaller  the  more  nearly  we  approach  a  telluride  of  the  composition 
Cu.Te. 

From  0'5033  gram  of  copper,  the  quantities  of  telluride  given  in  the 
second  column  were  obtained  : — 

Time  of  Copper         Loss  of  Te       Atomic 

heating.  telluride.       per  minute.      -weight. 

(a.) 5  min.  1"1316  —  — 

(&.) 15     „  1-0533  0-0078  — 

(c.)    25     ,.  1-0207  0-0033  130-2 

(fZ.) 30     „  1-0108  0-0020  127-7 

(e.)  35     „  1-0044  0-0013  126-1 

The  copper  telluride,  prepared  by  fusion  in  a  current  of  carbon 
dioxide,  is  a  steel-blue,  crystalline  mass,  the  surface  of  which  was 
in  Experiment  25(e)  covered  with  small  blisters,  which  seems  to 
prove  that  the  compound  CuaTe  contains  a  small  quantity  of  free 
copper. 

On  continued  heating  of  the  copper  polytellurides  to  redness  in  a 
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current  of  hydrogen,  beautiful  rlionil)olicdra  of  a  telluride  possessing' 
a  steel  colour  and  great  lustre  were  obtained. 

F.  Synthesis  of  Gold  Telluride. 

Polytellurides  of  gold  (alloys  of  gold  and  tellurium)  ai'c  crystalline 
compounds  of  a  silvery  lustre.  Heated  to  redness  in  a  current  of 
carbon  dioxide,  tliey  easily  dissociate,  leaving  finally  a  mixture  of 
white  gold  telluride,  AuoTe,  with  yellow  gold.  I  shall  not  give  here 
any  account  of  the  individual  experiments,  as  they  cannot  be  used  for 
the  determination  of  the  atomic  weight  of  tellurium. 

All  these  briefly  mentioned  metallic  tellurides  obtained  by  synthesis 
are  interesting  instances  partly  of  definite  compounds,  partly  of  alloys. 
They  confirm  the  law  enounced  by  Beketoff  ["  Researches  on  the 
Phenomena  of  Displacement,"  Charkolf,  18G5  (in  Russian)]  in  1859 
and  1865,  that  the  affinity  of  two  heterogeneous  bodies  to  each  other 
is  the  greatest  when  the  weights  of  the  masses  taking  part  in  the 
reaction  are  equal.     This  is  seen  from  the  following  group : — 

Cuo.  :  Te  =  126  :  126 
Ago :  Te  =  216  :  126 
Auo :  Te  =  394  :  126 

and  at  the  same  time  it  may  be  remarked  that  the  stability  at  a  high 
temperature  considerably  decreases  from  the  highest  member  (Cu/Pe) 
to  the  lowest  (AuoTe). 

G.  Analysis  of  TeUurmm  Dioxide. 

Pettersson  and  Ekman  have  determined  the  atomic  weight  of 
selenium  by  the  reduction  of  selenium  dioxide  with  sulphurous  acid 
and  weighing  the  selenium  precipitated.  The  same  method  was  used 
by  me  for  the  determination  of  the  atomic  weight  of  tellurium. 

Pure  tellurium  dioxide  was  prepared  by  dissolving  distilled  tellurium 
in  aqua  regia,  evaporating  the  solution  several  times  with  distilled 
nitric  acid,  and  fusing  the  residue  in  small  portions  in  a  platinum 
crucible.  After  a  short  fusion,  the  tellurium  dioxide  is  obtained  in 
the  form  of  a  brittle,  crystalline  mass  of  a  milk-white  or  cream 
colour,  which  becomes  yellow  or  brownish-yellow  as  soon  as  the 
fusion  is  continued  more  than  is  absolutely  necessary. 

Weighed  quantities  of  the  powdered  dioxide  w^ere  dissolved  in  hydro- 
chloric acid  in  the  glass  apparatus,  Fig.  1  (p.  385),  in  order  to  avoid  loss 
by  the  volatilisation  of  the  tetrachloride  formed.  The  yellow  solution 
obtained  was  mixed  in  the  same  flask  with  concentrated  sulphurous 
acid,  and  it  was  remarked   that   the  tellurium   precipitated  is  some- 
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times  so  finely  divided  that  it  forms  a  transparent  solution  of  a  dark 
greenish- bine,  blue,  or  violet  colour.*  The  solution  was  heated  to 
60 — -70°  and  completely  saturated  "with  sulphur  dioxide  ;  this  caused 
a  separation  of  tellurium  in  a  flocculent  state.  After  heating  the 
solution  for  some  time  in  order  to  produce  complete  reduction  and 
separation,  the  precipitate  was  washed  first  with  dilute  sulphurous 
acid  and  then  with  water,  but  the  finely  separated  tellurium  is  so 
easily  oxidised  that  a  small  portion  always  goes  into  solution,  so  that 
the  filtrate,  after  concentration  and  treatment  with  sulphurous  acid, 
always  gives  small  quantities  of  tellurium.  This  tendency  of  finely 
divided  tellurium  to  oxidation  is  so  great,  that  after  .standing  for 
some  time  with  cold  hydrochloric  acid  in  contact  with  air,  consider- 
able quantities  pass  into  solution  as  tellurium  tetrachloride,  whereas 
tellurium  alone  is  insoluble  in  cold  hydrochloric  acid. 

The  oxidation  of  tellurium  is  more  apparent  when  it  is  dried  at 
100°,  as  is  seen  from  the  following : — 

Experiment  26. — 3"8745  grams  of  tellurium  dioxide  were  reduced 
in  the  manner  described,  and  dried  on  a  weighed  filter  at  110°. 
Theory  (see  H)  requires  79'93  per  cent.  Te.  The  quantity  of 
tellurium  obtained  weighed — 

(a.)  After  2  hours 3-1249  grams  =  80-63  p.  c. 

(b.)    After  further  6  hours     3-1279       „       =80-71     „ 
(c.)  „  „  3-1396       „      =  81-01     „ 

This  large  increase  in  weight  is  partly  due  to  the  cause  mentioned 
below. 

The  results  obtained  on  drying  the  precipitated  tellurium  in  a 
vacuum  or  in  a  current  of  carbon  dioxide  are  not  much  better,  as 
after  fusion  of  such  tellurium  in  a  current  of  pure  hydrogen,  drops  of 
water  are  obtained,  proving  that  the  tellurium  has  been  partly  oxidised 
during  washing. 

Finely  divided  tellurium  passes  through  glass-wool,  asbestos,  or 
even  artificial  pumice-stone,  so  that,  in  order  to  avoid  the  use  of 
weighed  paper  filters,  the  method  of  reversed  filtration  was  used  for 
its  collection  with  a  slight  modification,  which  will  be  understood 
from  the  accompanying  drawings,  Figs.  3  and  4.  The  upper  part  of 
the  standf  cai'rying  the  crucible  can  be  taken  off,  and  is  so  arranged 
that  the  crucible  carrying  the  liquid  to  be  filtered  cannot  be  easily 
upset,  a   circumstance  of  great  importance  when,   for  example,  the 

*  Selenium  gives,  under  similar  circumstances,  solutions  of  a  beautiful  intense 
blue  colour. 

t  This  stand  was  made  of  excellent  workmanship  by  Messrs.  Jos.  and  Jan  Fric, 
nieclianicians,  Prague. 
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filtration  of  silver  bromide  is  effected  iu  a  nearly  dark  room.  The 
tellurium  was  washed  finally  with  alcohol  and  dried  at  110°  in  an 
atmosphere  of  hydrogen. 


Unfortunately  it  was  found  here  that  considei'able  quantities  of  sul- 
phuric and  hydrochloric  acid  are  carried  down  with  the  tellurium  from 
the  solution  in  which  it  is  precipitated,  but  these  could  be  removed 
to  a  very  great  extent  by  heating  it,  after  taking  out  the  filter,  in  a 
current  of  hydrogen  to  about  300°.  The  results  are  then  pretty 
nearly  accui'ate,  as  seen  from — 

Experiment  27. — 2*5489  grams  of  tellurium  dioxide,  after  reduction 
with  sulphurous  acid  and  drying  at  130"  iu  a  current  of  hydrogen 
in  the  same  flask  which  served  for  its  precipitation,  gave  (a)  2*0389 
grams  of  tellurium.     Fi-om  the  filtrate  (?>),  0"0047  gram  was  obtained. 
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The  portion  ((x)  was  licated  in  a  current  of  hydrogen  at  300°  in  a  flask 
similar  to  that  represented  by  a,  din  Fig.  2  (p.  386),  and  it  was  found 
that  the  escaping  vapours  gave  with  silver  nitrate  solution  a  white, 
and  not  a  black,  precipitate,  a  proof  that  only  hydrochloric  acid  and 
no  tellurium  hydride  was  formed.  The  loss  of  weight  was  equal  to 
0-0062  gram,  so  that  the  real  weight  of  the  tellurium  was  2-0374 
grams. 

From  this,  the  atomic  weight  of  tellurium  is  calculated  as  Te  =  127-5, 
and  the  percentage  composition  of  the  dioxide  as 

Tellurium 79-93 

Oxygen 20-07 

100-00 


H.  Analysis  of  Tellurium  Tetrabromide. 

The  methods  described  under  Aa,  Ab,  C,  D,  E,  and  F,  gave  for  the 
atomic  weight  of  tellurium  numbers  varying  but  little  from  the 
theoretically  expected  number,  Te  =  125,  and  from  these  results  it 
would  have  been  correct  to  assume  that  number  as  the  true  atomic 
weight  of  tellurium — as  the  author  actually  did  for  some  time — 
especially  had  there  been  a  better  agreement  between  these  numbers, 
a  circumstance  which,  as  shown  above,  was  unfortunately  never  met 
with  in  the  case  of  tellurium. 

Of  all  the  methods  hitherto  mentioned  in  this  paper,  that  described 
under  F  alone  seems  to  yield  favourable  results,  although  with  some 
difficulty ;  here,  however,  we  have  the  most  unfavourable  case  of  an 
atomic  weight  determination,  viz.,  weighing  the  tellurium,  resulting 
from  an  analysis,  in  the  elemental  state. 

I  expected  to  obtain  good  results  from  the  analysis  of  tellurium 
tetrabromide,  as  the  gravimetric,  and  especially  the  volumetric  estima- 
tion of  combined  bromine  are,  according  to  Stas  (see  especially  his 
latest  classical  research,  Memoires  de  V Academie  JRoyale  de  Belgique, 
43  [2],  1 — 105),  the  most  exact  of  all  quantitative  determinations. 
This  method  has  been  applied  lately  with  great  success  to  the  deter- 
mination of  the  atomic  weight  of  antimony  by  J.  P.  Cooke  {Proc. 
Amer.  Acad.,  13,  1—71 ;  15,  251—255;  and  17,  13—22),  in  the  case 
of  aluminium  by  Mallet  {PMl.  Trans.,  1880  ;  Ghem.  News,  45  and  46), 
for  titanium  by  Thorpe  (this  Journal,  Trans.,  1885,  108),  and  in  the 
case  of  gold  by  Thorpe  and  Laurie  (Trans.,  1887,  565). 

K^either  the  gi'avimetric  nor  the  volumetric  determination  of 
chlorine  in  chlorides  answers  the  same  purpose  on  account  of  the 
comparatively  great  solubility  of  silver  chlorid  3  in  water,  and  in  the 
solutions  employed,  as  is  shown  in  a  most  remt  rkable  research  pub- 
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lished  by  Stas  ("  Recherckes  de  Statique  Chimique,"  A7111.  Cliim.  Fhijs. 
[4],  25,  22—94;  [5],  3,  145—188  and  289—327). 

r reparation  of  Pure  Broinine. 

The  pure  bromine  employed  was  prepared  by  two  methods,  the 
first  being  that  recommended  by  Stas.  For  this  purpose  commercial 
bromine  was  first  repeatedly  shaken  with  water,  dissolved  in  a  con- 
centrated solution  of  calcium  bi-omide  (prepared  from  the  same 
bromine,  calcium  hydroxide,  and  ammonia),  precipitated  with  water, 
and  dried  over  calcium  bromide  and  oxide.  The  last  trace  of  water 
was  removed  with  phosphorus  pentoxide,  which  had  been  resublimed 
in  a  current  of  dry  air. 

The  second  method  consisted  in  distilling  potassium  bromide 
(350  grams)  dissolved  in  water  (500  grams)  with  a  quantity  of 
chromic  mixture  (150  grams  of  potassium  dichromate  dissolved  in 
600  grams  of  pure  sulphuric  acid  and  mixed  with  500  grams  water) 
insufficient  for  its  complete  decomposition.  In  order  to  avoid 
dangerous  explosions  resulting  from  the  heat  developed  by  the  reac- 
tion, the  large  retort  containing  the  mixtui^e  was  immersed  in  a  large 
vessel  of  water  at  about  65".  The  quantity  of  crude  bromine  obtained 
in  this  Avay  from  the  above  mixture  weighed  210  grams  instead  of  the 
theoretical  amount  of  2351  grams. 

In  order  to  purify  this  bromine  from  the  last  traces  of  iodine  and 
chlorine,  a  process  recommended  by  Stas  {Mem.  Ac.  Beige,  43, 
90 — 93),  but  not  sufficiently  known  to  chemists,  was  used.  This 
consists  in  distilling  400  grams  of  bromine  frona  a  mixture  of 
300  grams  of  water,  250  grams  of  potassium  bronaide  and  25  grams 
of  granulated  zinc  oxide  (prepared  by  heating  pure  basic  zinc  nitrate 
to  a  white  heat).  The  same  mixture  may  be  used  for  the  rectification 
of  two  successive  portions  of  bromine  of  400  grams  each.  The 
bromine  obtained  was  dried  over  anhydrous  calcium  bromide  and 
oxide,  and  the  last  trace  of  water  was  removed  by  means  of  anhydrous 
barium  oxide. 

The  bromine  prepared  by  either  of  these  methods  was  distilled  in 
an  apparatus  consisting  entirely  of  glass.  It  was  found  to  boil  at 
63°,  but  on  treating  a  portion  of  it  with  potassium  hydi-oxido  the 
smell  of  an  organic  bromine  compound  could  be  perceived,  probably 
bromoform  or  carbon  tetrabromide,  due  to  the  action  of  bromine  on. 
particles  of  dust  and  filter-paper,  unavoidably  present  in  the 
reagents  used  (cf.  Hamilton,  Trans.,  1881,  48).  We  must  regard 
with  admiration  the  great  care  taken  by  Stas,  when  he  prepared 
bromine  which  was  quite  free  from  any  carbon  compound  containing 
bromine. 

2  F  2 
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Vrcparation  of  Tellurkivi  Tetrabromide. 

In  ordei'  to  prepare  the  tetrabromide,  a  combustion-tube  of  tbe 
best  Bohemian  glass  was  used,  which  was  sealed  and  rounded  at  one 
end  and  was  widened  conically  at  the  open  end  ;  into  the  latter  were 
carefull}^  ground  (a)  the  tube  of  a  Drechsel  gas  wash-bottle,  and  (b) 
a  glass  tube  of  a  similar  diameter,  drawn  out  a  little  at  the  other  end 
and  sealed  to  a  U  -tube. 

The  sublimation-tube  was  placed  vertically  in  cold  Avater,  several 
grams  of  pure  bromine  poured  into  it,  and  then  very  finely  powdered 
tellurium  was  gradually  added  in  small  portions,  shaking  the  liquid 
contents  from  time  to  time.  In  order  to  remove  the  excess  of 
bromine,  the  Drechsel  "  Aufsatz  "  was  inserted  into  the  open  end  and 
the  tube  was  heated  in  warm  water  while  a  current  of  diy  carbon 
dioxide  was  passed  through ;  the  tellurium  tetrabromide  was  then  left 
in  the  tube  as  a  beautifully  yellow,  loose  mass.  The  product,  however, 
is  not  pure,  as  it  contains  in  its  interior  some  free  tellurium  which 
has  escaped  the  action  of  the  bromine.  On  heating  this  mixture  to  a 
higher  temperature,  tellurium  dibromide  is  formed  thus  :  TeBr4  +  Te 
=  2TeBro.  The  tetrabromide  cannot  be  fused  or  boiled  at  the 
ordinai'y  pressure  without  undergoing  partial  decomposition  into  free 
bromine  and  the  greenish-black  dibromide,  TeBr^  =  TeBr^  -|-  Bi'., 
The  lower  compound  gives  a  deep-violet  vapour. 

After  numerous  experiments,  the  following  method  was  used  for 
the  preparation  of  pure  tellurium  tetrabromide  for  analysis.  The 
glass  tube  a,  Fig.  5,  containing  the  yellow  tetrabromide,  was  connected 
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with  the  tightly  groniul  tube,  h,  which,  by  means  of  a  drying  tube,  c, 
tilled  with  pumice  moisted  with  sulphuric  acid,  was  connected  with  a 
pump.  The  greater  portion  of  the  lower  part  of  the  sublimation-tube 
a  was  heated  in  an  air-bath,  ee,  made  of  pieces  of  asbestos  cardboard 
joined  by  means  of  platinum  wire.  The  bath  could  be  covered  Avith 
a  mica  plate,  del,  in  order  to  watch  the  behaviour  of  the  bromide  with 
rise  of  temperature,  and  in  the  same  level  as  the  sublimation-tube  a 
thermometer,/,  was  placed  horizontally.  A  vacuum  was  then  made  in 
the  tube,  and  its  temperature  raised  to  200°.  At  this  temperature,  the 
more  volatile  dibromide  could  be  separated  by  fractional  sublimation 
from  the  less  volatile  tetrabromide,  which  remained  behind  in  the 
lower  part  of  the  tube,  and  it  was  found  possible  to  drive  the  sublim- 
ing dibromide  quite  out  of  the  tube  a  into  the  tube  b.  On  now 
raising  the  temperature  of  the  air-bath  to  about  300°,  the  tetra- 
bromide is  found  to  sublime  without  leaving  any  residue,  and  to 
condense  on  the  colder  walls  of  the  tube  in  the  form  of  beautiful, 
fiery-red,  crystalline  crusts  which  become  orange-coloured  on  cooling. 
If  there  had  been  any  oxybromide  present,  it  would  have  decomposed, 
leaving  a  residue  of  tellurium  dioxide,  thus  :  2TeOBro  =  TeBr^  -j- 
TeOa,  as  shown  by  special  experiments  with  a  bromide  prepared  from 
superficially  oxidised  tellurium. 

The  crusts  of  pure  teti-abromide  are  very  brittle,  easily  detached 
from  the  walls  of  the  tube,  and  not  hygroscopic  when  weighed  in  a 
small  weighing  bottle  made  of  thin  glass,  closed  with  a  well-ground 
stopper ;  an  empty  bottle  of  equal  size  was  always  placed  on  tiie  other 
pan  of  the  balance.  By  the  method  of  vibrations,  the  weight  of  the 
substance  could  be  detex'mined  within  a  few  hundredths  of  a  millisram. 
The  bromide  dissolves  easily  in  a  solution  of  tartaric  acid  (2  parts) 
in  water  (2  parts)  without  leaving  any  appreciable  residue,  but  on 
using  a  more  dilute  solution,  decomposition  takes  place  accompanied 
by  the  separation  of  sparingly  soluble  telluric  acid.  The  orange- 
coloured  solution  contains  tellurium  tetrabromide,  but  on  addition  of 
water  its  colour  disappears  and  it  then  contains  a  hydrobromic  acid 
solution  of  tellurium  tartrate.  Had  the  bromide  contained  any  trace 
of  oxybromide,  telluric  acid  would  have  been  left  undissolved. 

In  a  preliminary  experiment,  a  tartaric  acid  solution  of  tellurium 
tetrabromide  was  precipitated  by  silver  nitrate  in  the  ordinary  way . 
and  the  silver  bromide  weighed. 

Experiment  28. — .S'1591  grams  of  tellurium  tetrabromide  yielded 
5"3612  grams  of  silver  bromide.  From  this  Br  =  72'22  per  cent. 
This  would  correspond  to  an  atomic  weight  of  Te  =  123'0.  Subse- 
quent exact  experiments,  however,  have  shown  that  the  percentage  of 
bromine  is  in  reality  only  =  71 '48,  so  that  the  silver  bi'omide  must 
have  been  too  heavy  by  0*0552  gram. 
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A  detailed  examination  into  this  source  of  en-or  has  shown  that  it 
is  due  to  two  circumstances. 

Firstly,  it  was  found  that  in  concentrated  solutions  containing' 
tellurium,  tartaric  acid,  and.  bromine,  silver  nitrate  gives  a  precipitate 
consisting  of  silver  bromide,  which  settles  rapidly,  and  also  of  glisten- 
ing, crystalline  scales,  which  separate  slowly  from  the  liquid  and  ai-e 
deposited  on  the  surface  of  the  first  precipitate.  They  consist  of 
tellurium  silver  tartar  emetic,  and  have  probably  the  composition 
(C4H406)2Ag2(TeO),2H20,  as  show-n  by  the  following  analysis  :  — 

Experiment  29. — 0'4660  gram  gave  0*1 918  gram  silver  chloride. 

Calculated.  Found. 

31-2  30-9 

The  analogous  citrate  seems  to  have  a  more  complicated  formula. 
(C6H60,).,Ag3H(TeO),2H20. 

Experiment  30. — 0-6491  gram  gave  0-3205  gram  silver  chloride. 

Calculated.  Found. 

36-7  37-1 

The  tartrate  exhibits  the  most  complete  analogy  to  antimony,  for 
Cooke  has  observed  that  in  a  tartaric  solution  of  antimony  tribromide, 
silver  nitrate  causes  the  formation  of  (C4H406)Ag(SbO),HoO. 

In  order  to  avoid  the  formation  of  silver  tellurium  tartar  emetic 
and  its  precipitation  along  with  the  silver  bromide,  the  precipitation 
of  silver  bromide  was  effected  in  the  presence  of  a  sufficient 
quantity  of  water  and  of  nitric  acid,  in  which  this  substance  is  easily 
soluble ;  and  all  excess  of  silver  nitrate  was  avoided,  as  the  substance 
is  formed  only  when  an  excess  of  silver  nitrate  over  that  required  to 
form  silver  bromide  is  present. 

The  second  cause  of  the  higher  weight  of  the  silver  bromide  pre- 
cipitated in  Experiment  32  is  the  circumstance  that  silver  bromide 
readily  carries  down  wath  it  foreign  substances  contained  in  the 
solutions  from  which  it  is  precipitated;  it  acts  in  this  way  with 
tellurium  tartrate,  as  is  seen  from  its  becoming  black  in  contact  with 
zinc  and  water.  This  can  be  avoided  only  when,  following  Stas' 
directions,  the  silver  bromide  is  vigorously  shaken  with  the  solution 
from  which  it  has  been  precipitated,  and  with  the  water  containing 
a  little  nitric  acid  used  for  washing  it — of  course  in  perfect  darkness. 
Indeed,  it  is  found  that  in  this  way  a  pure  silver  bromide,  containing 
no  tellurium,  is  obtained. 

Several  preliminary  experiments  carried  out  in  this  way,  gave 
results  approaching  the  truth,  but  they  are  omitted  in  order  to  avoid 
everything  superfluous,  although  the  first  experiments  seemed  to 
point  to  insurmountable  difficulties. 
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Experiment  31. — 3'82048  grams  of  tellurium  ti'tiabroinide,  after 
being  dissolved  in  tartaric  acid,  were  precipitated  with  the  requisite 
amount  of  silver  nitrate,  washed  by  repeatedly  shaking,  and  the  silver 
bromide  was  collected  by  the  method  of  reversed  filtration.  Its 
weight  was  6"41734  grams  =  71'482  per  cent,  of  bromine.  From 
this,  the  atomic  weight  of  tellurium  is  calculated  as  Te  =  127'G1. 

After  this,  the  combined  gravimetric  and  volumetric  method  was 
used  fur  the  analysis  of  tellurium  tetrabi-omide. 

On  Pure  Silver  and  its  Properties. 

Pure  silver  was  prepared  by  two  methods  given  by  Stas. 

A.  Purest  silver  from  the  Mint  was  dissolved  in  distilled  nitric  acid, 
and  the  solution  of  the  fused  nitrate  precipitated  Avith  distilled  hydro- 
chloric acid.  After  washing  the  chloride  by  prolonged  agitation,  it 
was  boiled  with  aqua  regia,  and  reduced  with  pure  milk-sugar  and 
sodium  hydrate.  The  metal  was  boiled  out  with  dilute  sulphuric 
acid,  digested  with  ammonia,  and  fused  under  bora.\;  and  nitre  in  a 
Paris  crucible.  After  pouring  it  into  moulds  of  kaolin,  the  bars  were 
rolled  out  into  thin  ribbons,  between  hard  steel  rollers  well  oiled,  and 
the  thin  plates  cleaned  with  sea-sand,  ammonia,  and  alcohol.  After 
cutting  into  pieces  of  about  a  gram  and  its  subdivisions,  they  were 
treated  with  hydrochloric  acid  and  ammonia,  and  finally  heated  in  a 
porcelain  crucible  nearly  to  the  melting  point  of  silver. 

B.  Ordinary  alloy  of  silver  and  copper  from  the  Mint  containing 
0'900  of  the  former  metal,  was  dissolved  in  nitric  acid,  and  the  mixed 
nitrates  of  silver  and  copper  fused  for  some  time.  The  fused  mass  was 
treated  with  dilute  ammonia,  and  the  solution  filtered  after  standing 
for  several  days. 

After  adding  double  the  amount  of  ammonium  sulphite  necessary 
to  precipitate  the  solution  of  silver  (which  contained  less  than 
2  per  cent,  of  the  metal),  and  allowing  it  to  remain  in  closed  vessels 
tilled  up  to  the  neck,  very  nearly  the  whole  of  the  silver  Avas  pre- 
cipitated in  beautiful  crystals,  having  apparently  the  form  of  hexa- 
gonal pyramids  (in  reality  tesseral).  The  remainder  of  the  silver 
was  thrown  down  on  heating  the  solution.  The  precipitation  is 
complete,  the  total  loss  amounting  to  about  0'5  per  cent.  After 
v/ashing,  the  silver  was  placed  in  contact  Avith  strong  ammonia,  and 
digested  in  a  closed  flask  for  many  Aveeks.  On  evaporating  the 
solution,  a  no7i-ea.plosive  black  substance  Avas  obtained,  Avhich  on 
treatment  with  hydrochloric  acid  gave  silver  chloride.  The  filtrate 
from  the  latter  contained  a  small  quantity  of  copper,  amounting,  as 
found  by  colorimetric  estimation,  to  about  0*0002  per  cent,  of  the 
silver  employed. 
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The  silver  was  then  fused  in  the  usual  way  with  borax  and  nitre, 
poured  into  a  mould  made  of  kaolin,  the  bars  treated  with  fusing 
potassium  sodium  carbonate,  and  washed  successively  with  boiling- 
hydrochloric  acid  and  ammonia.  One  portion  was  distilled  in  a 
furnace  made  entirely  of  lime,  but  only  a  small  quantity  was  thus 
obtained  from  want  of  a  platinum  blowpipe,  one  made  of  hard  glass 
having  been  used.  Another  portion  which  served  for  the  atomic 
weight  determination,  was  fused  in  a  furnace  made  of  lime,  and 
granulated  by  pouring  from  a  considerable  height  into  distilled  water. 

The  colour  of  this  silver  was  beautifully  white,  and  its  standard 
fineness  is,  according  to  Stas  =  99-997,  the  distilled  silver  being 
=  100-000. 

On  the  Occhision  of  Oxygen  in  Silver  of  M.  Stas. 

Dumas  (Ann.  Chim.  Phys.  [5],  15,  289 — 304),  as  is  generally 
known,  found  that  silver — which  had  been  hitherto  regarded  as 
pure — when  heated  in  a  Sprengel  vacuum  gave  up  considerable 
quantities  of  oxygen,  so  that  the  standard  fineness  becomes  99-992 
to  99975  instead  of  100,  according  as  to  whether  57  up  to  174  c.c. 
of  occluded  oxygen  =  O'OOS  to  0-025  per  cent,  by  weight  are  given 
up  by  1  kilo,  of  the  metal. 

This  circumstance  is  theoretically  of  the  highest  importance,  silver 
being  in  reality  the  standard  of  the  atomic  weight  determinations  of 
Stas,  and  consequently  of  many  others  depending  upon  these.  But 
if  the  silver  used  by  Stas  had  not  been  pure,  the  atomic  weight  of 
silver  would  be  only  Ag  =  107-929  instead  of  107-938  (Ostwald's 
number)  or  even  only  Ag  =  107*911,  according  to  the  amount  of 
oxygen,  the  maximum  difference  amounting  to  0-027.  In  the  same 
way  the  whole  of  Stas's  numbers  will  be  affected,  and,  indeed, 
Mallet  (Phil.  Trans.,  1880,  1003;  Ghem.  News,  45  and  46)  and 
Clarke  ("  Recalculation  of  the  Atomic  Weights,"  262)  applied  this 
"  Dumas  Correction  "  to  the  numbers  obtained  by  Stas,  But  certainly 
Sebelien  ("  Beitrage  zur  Geschichte  der  Atomgewichte,"  90)  is  right 
in  remarking :  "  Eine  Correction  der  Stas'schen  Zahlen  einfiihren 
zu  wollen  hiesse  nur  dessen  classisches  Werk  verderbon,  ohne 
Garantie  daf  r  erhalten  zu  haben,  der  Wahrheit  naher  gekommen  zu 
sein." 

Mallet  (loc.  cit.)  prepared  his  pure  silver  by  a  method  slightly 
different  from  that  of  Stas,  and  on  heating  it  in  a  Sprengel  vacuum 
he  obtained  for  1000  grams  of  silver  34*63  to  30*12  c.c.  of  a  gas.  The 
silver  was  placed  on  a  layer  of  lime,  and  the  gas  does  not  seem  to 
have  been  analysed,  being  taken  by  Mallet  for  oxygen  without  any 
remark.  The  only  chemist  who  has  in  this  respect  investigated 
silver  prepared  by  Stas's  method  was  J.  D.  van  der  Plaats  ("Mand- 
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blad  voor  Natuurwetenscbappen,"  188G,  No.  2,  biz.  25 — 32).  He 
gives  the  full  history  and  literature  of  this  subject,  and  finds  that 
pure  silver  does  not  change  its  weight  when  heated  in  a  current  of 
air,  hydrogen,  or  carbon  monoxide.  On  heating  in  a  Sprengel 
vacuum,  no  loss  of  weight  took  place,  but  from  10  grams  of  the  metal 
as  much  as  2  c.c.  of  a  gas  were  obtained,  this  being  i-egarded  by  the 
author  as  air,  for  0"5  c.c.  were  absorbed  by  phosphorus.  It  is  to  be 
regretted  that  only  10  grams  of  silver  were  employed  in  this  beautiful 
i-esearcli,  for,  calculated  for  1000  grams  of  silver,  the  above  quantity 
becomes  200  c.c.  of  gas,  and  is  therefore  larger  than  the  maximum 
obtained  by  Dumas.  Van  der  Plaats  concludes  with  the  following 
interesting  passage  :  "  Enkele  weken  geleden  vernam  ik  echter,  hoe 
Dumas  voor  ziju  dood  de  overtuiging  heeft  verkregen,  dat  door  zijne 
proeven  de  aanwezigheid  van  zuurstof  in  zilver  niet  bewezen  is." 

In  order  to  settle  that  interesting  question,  I  have  investigated 
the  bars  of  silver  prepared  by  Stas's  second  method.  I  constructed 
a  Sprengel  air-pump,  provided  with  a  system  of  air-traps,  in  order 
to  avoid  the  mercury  carrying  air  with  it;  the  single  parts  of 
the  apparatus  were,  of  course,  fxised  together,  or,  when  Bohemian 
glass  had  to  be  connected  with  soft  Thuringian  glass,  mercury  joints 
were  used.  (See  S.  P.  Thompson,*  "  The  Development  of  the  Mercury 
Air-Pump,"  London,  1887  and  1888.) 

In  the  preliminary  experiments,  about  3  c.c.  of  a  gas — air — were 
obtained  for  every  100  grams  of  silver,  but  it  was  found  later  on  that 
this  was  due  to  surface  condensations  and  to  moisture.  It  was  there- 
fore necessary  to  insert  between  the  pump  and  the  tube  containing  the 
silver  a  U'tiil*e  filled  with  pumice  stone  containing  sulphuric  acid. 
(Phosphorus  pentoxide  was  not  used,  as  it  was  found  to  contain  some 
trioxide,  the  vapour  of  which  might  contaminate  the  silver.) 

Experiment  32  was  carried  on  with  all  possible  care.  For  this 
purpose,  153"2133  grams  of  pure  silver  in  bars  was  heated  nearly  to 
its  melting  point,  and,  after  cooling,  placed  in  a  combustion  tube  of 
the  hardest  Bohemian  glass,  made  for  this  purpose  at  the  celebrated 
works  of  J.  Kavalier  (Sazava).  The  inner  diameter  of  the  tube  was 
19  mm.,  the  walls  were  of  2"2  mm.  thickness,  and  the  end,  which 
was  not  connected  Avith  the  air-pump,  was  drawn  out  conically.  In 
the  first  place  the  silver  contained  in  the  tube  was  heated  at  150°, 
while  a  current  of  carefully  dried  and  purified  air  was  di*awn  over  it, 
and  as  soon  as  it  was  cold  the  tube  was  sealed  up  at  the  conical  end. 
A  vacuum  was  then  made  in  the  tube,  and  the  next  day  it  was  again 
pumped  out. 

When  a  vacuum  as  perfect  as  possible  was  established,  the  tube 

*  I  am  indebted  to  the  autlior  for  tlie  copy  of  this  most  interesting  paper. 
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containing  tlie  silver  was  heated  to  450°,  the  pump  acting  all  the 
time,  and  the  gas  given  off  was  collected  in  a  carefully  graduated 
microeudiometer,  1  mm.  of  the  scale  of  which  corresponded  to 
0"076  c.c,  so  that,  by  means  of  a  telescope,  the  volume  of  the  gas 
could  be  read  to  within  about  +0"004  c.c.  The  volume  of  the  gas 
collected  was  0'219  c.c.  at  0°  and  760  mm.*  The  microeudiometer 
was  now  replaced  by  a  fresh  one,  and  the  temperature  raised  to  the 
strongest  red  heat  which  could  be  applied  to  the  tube  without  its 
form,  changing,  and  the  tube  was  pumped  out  at  this  temperature 
during  six  hours.  (This  is  the  duration  of  Dumas'  experiment,  but 
it  was  far  longer  than  was  necessary  for  my  purpose.)  The  volume 
of  gas  given  off  between  450°  and  a  red  heat  was  found  to  be 
=  0-844  c.c. 

It  was  possible  to  analyse  this  small  quantity  of  gas  very  accu- 
rately by  Bunsea's  method,  using  the  microeudiometers  mentioned 
above,  and  in  this  way  it  was  found  to  consist  of  0"586  c.c.  of  oxygen 
and  0'298  c.c.  of  nitrogen,  the  latter  value  corresponding  to  0"312  c.c. 
of  air,  so  that  the  quantity  of  oxygen  given  up  by  the  silver  at  a  red 
heat  amounts  to  0'532  c.c. 

Experiment  33. — In  order  to  apply  a  correction  to  the  very  small 
volumes  of  gas  in  question,  it  was  necessary  to  study  the  way  in 
which  my  "  Sprengel  vacuum  "  behaves  on  heating.  An  experiment 
identical  with  the  foregoing  was  therefore  made,  using  an  empty 
glass  tube,  under  perfectly  similar  conditions.  The  volume  of  the 
gas  collected  was  =  0*249  c.c. 

Experiment  34  was  made  with  the  silver  which  had  been  heated  at 
150°  as  above  in  Experiment  3i;,and  then  to  a  red  heat.  The  volume 
of  the  gas  was  =  0'215  c.c.  (air).  Experiment  34  gave  0'215, 
Experiment  33  gave  0'249,  Experiment  32  gave  0'219  up  to  450°. 
These  three  quantities  are  identical,  so  that  the  last  one  is  not  to  be 
accounted  for  in  Experiment  32. 

The  net  result  is  that  153"2133  grams  of  silver  when  heated  to 
redness  in  a  Sprengel  vacuum  give  off  0"312  c.c.  of  air,  probably  con- 
densed, and  0'524  c.c.  of  oxygen.  Its  weight  is  0'0007609  gram 
=  0'0004996  per  cent.,  so  that  the  composition  of  the  silver  in 
question  is — 

Silver 99-9995 

Oxygen    0-0005 


100-0000 


The  same  silver,  according    to    Stas,  has  a  standard  fineness  of 
99-997,   that  of  distilled  silver  being   100-000  ;  and  that  of  the  least 

*  All  volumes  given  below  are  reduced  to  normal  temperature  and  pressure. 
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pure  silver  of  Stas  being  99-"904.  In  these  two  cases,  the  differences 
between  the  samples  of  purest  silver  are,  therefore,  6  to  12  times 
larger  than  that  due  to  the  "  occlusion  "  of  oxygen.  The  last-named 
impiirity  cannot  be  determined  eithei-  by  titration  or  by  the  change 
of  weight  before  and  after  heating,  since  small  traces  of  silver  ai-e  vola- 
tilised and  condensed  in  the  colder  part  of  the  tube.  Moreover,  some 
mercury  vapour  may  become  condensed  in  the  hot  silver  on  cooling, 
so  that,  before  using  it  for  the  atomic  weight  determinations,  it  must 
be  remelted  in  a  lime  crucible  and  poured  into  water. 

But,  as  the  very  slight  impurities  of  the  undistilled  silver  of  Stas, 
amounting  to  0'003 — 0-006  per  cent.,  were  not  regarded  in  his  funda- 
mental researches,  the  silver  prepared  by  his  methods  having  been 
declared  by  Stas  as  "  absolutely  pure,"  it  is  seen  that  the  classical 
researches  of  Stas,  which  will  for  ever  remain  a  model  of  exact  inves- 
tigation, do  not  require  the  correction  proposed  by  Dumas,  due  to  an 
occlusion  of  oxygen  in  silver,  its  qica)ifity  being  practically  nought. 

I  feel  convinced  that  the  distilled  silver  gives  absolutely  no  oxygen 
when  heated  in  a  vacuum,  the  very  small  amount  found  by  me  being 
due  to  some  otherwise  inappreciable  impurity  contained  in  my 
silver. 

Determinations  of  Bromine  in  Tellurium  Tetrabromidc. 

The  tetrabromidc  obtained  by  sublimation  in  a  vacuum  was 
weighed,  as  above  stated,  most  exactly,  and  dissolved  in  the  same 
vessel  in  two  to  four  times  its  weight  of  a  solution  of  1  part  of  pure 
tartaric  acid  in  1  part  of  water.  Then,  from  Experiment  31,  the  quan- 
tity of  silver  necessary  for  the  complete  precipitation  of  the  bromine, 
was  calculated  and  weighed  out  most  exactly,  and  dissolved  in  about 
five  times  its  weight  of  nitric  acid  of  sp.  gr.  1'24,  cither  in  the  appa- 
ratus, Fig.  1,  or  in  the  flask  in  which  the  precipitation  had  to  be 
effected.  These  vessels  were  Gay-Lussac's  silver  test-flasks  of 
200 — 500  c.c.  capacity  but  equal  diameter.  They  could  be  closed 
with  tightly  ground  and  carefully  polished  stoppers,  having  a  sharji 
Gone  at  their  lower  part  projecting  into  the  flask,  this  causing  a 
quicker  division  of  the  flocks  of  silver  bromide  on  agitation.  The 
agitation  was  effected  by  means  of  the  appai-atus  seen  in  Fig.  6, 
which  could  be  set  in  action  by  a  water  engine  a,  b,  c.  The  flask  / 
is  contained  in  a  layer  of  black  cloth  and  in  a  tightly  closed  box,  e, 
suspended  by  an  elastic  rubber  spring,  g.  The  agitation  must  be  con- 
tinued for  many  hours,  not  only  for  cleai'ing  the  liquid,  which  takes 
place  in  a  few  minutes,  but  because  the  silver  bromide  gives  up  its 
impurities,  especially  tellurium,  only  when  the  flocculent  precipitate 
has  been  entirely  converted  into  the  pulverulent  modification. 
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After  cleai'iiig',  the  very  small  excess  of  silver  or  bromine  present 
in  the  liquid  was  determined  by  standard  decinormal  solutions.     The 


Fig.  6. 


silver  solution  used  for  this  purpose  was  prepared  by  dissolving 
1  gram  of  pure  silver  in  nitric  acid  and  making  up  to  1  litre  with 
water  distilled  over  alkaline  permanganate.  The  potassium  bromide 
solution  was  prepared  by  dissolving  1-10340  grams  of  pure  potassium 
bromide  in  water  and  making  up  to  1  litre.  The  bromide  was  pi'e- 
pared  from  the  purest  medicinal  preparation  by  evaporating  its  solu- 
tion to  dryness  with  pure  bromine  and  then  fractionally  dissolving 
in  water  and  recrystallising.  (See  Kriiss,  Annalen,  238,  241.) 
Before  weighing,  it  was  heated  to  redness  in  a  double  platinum 
crucible. 

The  titration  was  effected  by  means  of  carefully  graduated  narrow 
pipettes,  open  at  their  lower  end  and   closed   at   the  top  by  a  rubber 


I 


ON   THE   PERIODIC   LAW.  4()') 

tube,  on  openinq-  wliicli  and  Icttiiic^  air  in  carcl'ully,  tlic  liquid  can 
be  allowed  to  drop  out  without  coming  into  contact  with  greased 
stopcocks.  The  operation  Avas  effected  in  a  perfectly  dark  room,  but 
the  liquid  to  be  tested  was  lighted  by  a  beam  of  yellow  light.  The 
light  must  contain  chemicalhj  active  rays,  otherwise  the  slight  turbi- 
dities become  invisible.  Red  light — in  general  light  of  less  than 
A  =  550 — does  not  answer  the  purpose.  If  large  quantities  of  the 
standard  solutions  are  added,  slight  decomposition  of  the  silver 
bromide  takes  place,  so  that  the  limit  of  complete  precipitation 
changes  in  such  a  way  that  after  some  time  the  liquid  again  yields 
a  precipitate  with  silver  solution.  This  is  completely  avoided  in  ni}- 
case,  the  volume  of  the  standard  solution  to  be  added  amounting  to  a 
feio  drops  onlij,  and  being  sometimes  nought. 

In  this   way  the   following   experiments  were    made,  every  one  of 
which  required  several  days  for  completion. 

Exp.  TcBr.  Ag.  Br.  Atomic- 

No.  grams.  grams.  p.c.  weight. 

35 2- 14365  2-0684i  71-483  127-60 

36 1-76744  1-70531  71-478  127-63 

37 1-47655  142477  71-484  127-59 

38 1-23354  1-190U»  71-479  127-63 


Mean 71-481  12761 

From  these  experiments  it  is  seen  that  the  numbei-  representing 
the  atomic  weight  of  tellurium  is  Te  =  127-61,  this  number  being 
larger  hij  0-75  than  the  atomic  weight  of  iodine  ! 

Indeed,  from  a  purely  experimental  point  of  view,  the  present 
work  may  be  regarded  as  completed,  and  20  years  ago  no  one  would 
have  doubted  that  tellurium  now  belongs  to  those  elements,  the 
atomic  weight  of  which  is  very  exactly  determined. 

This  is,  however,  not  the  case  when  we  regard  the  matter  in  the 
light  of  chemical  philosophy,  for  tellurium  with  such  an  atomic  weight 
would  be  a  striking  exception  to  the  periodic  law,  being  in  fact  the 
first  element  the  properties  of  Avhich  are  not  a  funci:ion  of  its  atomic 
weight ! 

This  anomaly  might,  how'ever,  be  only  apparent,  and  might  be 
possibly  explained  in  one  of  the  following  ways  : — 

(a.)  The  Atomic  Weight  is  hadhj  Determined. — Such  an  assumption 
is  impossible,  the  determinations,  carried  on  volumetrically  (Experi- 
ment 35 — 38),  agreeing  completely  with  the  gravimetric  determina- 
tion, so  that  an  error  of  four  zmits  (127-6  —  123-6  =  4-0)  cannot  be 
assumed  to  have  taken  place,  such  an  error  being  200  times  as  large 
as  the  larofest  deviation  from  the  mean  =  +  0-02. 
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(h.)  The  Bromide  may  contain  some  Oxyhromide. — This  was  very 
improbable,  as  tlie  metal  and  the  bromide  were  obtained  by  sublima- 
tion. The  absence  of  oxygen  in  the  bromide  was  shown  by  complete 
analysis. 

Experiment  39.— 4"4392  grams  of  tellurium  tetrabromide  were 
dissolved  in  hydrochloric  acid  and  precipitated  by  sulphurous  acid. 
The  tellurium  was  collected  by  reversed  filtration.  In  this  way 
1*2764  grams  =  28'75  per  cent,  of  tellurium  was  obtained.  The 
result  is  slightly  high  on  account  of  an  unavoidable  admixtnre  of 
tellurium  dibromide. 

Experiment  40. — 3'62i7  grams  of  tetrabromide  were  reduced  with 
sulphurous  acid  and  the  tellurium  heated  in  the  flask  in  a  current  of 
hydrogen  at  200°,  hydrobromic  acid  being  found  to  escape.  In  this 
way,  10350  grams  of  pure  tellurium  was  obtained  =  2855  per  cent. 

From  this  and  the  Experiments  35 — 38,  therefore,  the  composition 
of  tellurium  tetrabromide  becomes  : — 

Tellurium 28*55 

Bromine 71*48 

Total    100-03 

Tellurium  tetrabromide  contains  no  oxygen  and  consequently  no  oxy- 
bromide. 

(c.)  The  following  is  the  third  possible  explanation.  Telluritim  is 
not  a  homogeneous  body,  but  contains  an  admixtnre  of  foreign  sub- 
stances which  have  a  higher  equivalent  than  the  bromine  equivalent 
of  tellurium.  (This  equals  127*6  -^  4  =  31*9,  but  ought  to  be  about 
=  31.)  These  admixtures  might  be  partly  known  elements  such  as 
Se  (equivalent  from  SeBr.  =  39*5),  Sb  (eq.  =  40),  Bi  (eq.  =  69*3). 
and  partly  hitherto  unknown  elements  of  the  same  natural  group  as 
Mendeleeff's  dwiselenium  =  166  and  dwitellurium  =  214.  Some  of 
their  properties  may  be  predicted  from  their  position  in  the  periodic 
system. 

Before  assuming  that  tellurium  forms  a  striking  exception  to  the 
periodic  law,  and  that  this  law  consequently  loses  a  great  deal,  if  not 
all,  of  its  authority,  I  have  thoroughly  investigated  the  question  as  to 
whether  tellurium  is  a  complex  substance  or  not.  For,  if  the  periodic 
lav/  is  true,  we  may  conclude  by  deduction*  that  tellurium  contains  a 
foreign  substance  which  renders  its  "atomic  weight  "  higher. 

*  Applying  tlie  periodic  law,  the  author  sliowed  by  the  process  of  deduction 
eleven  years  ago  that  the  atomic  weight  of  beryllium  is  not  Be'"  =  136,  as  was 
assumed  by  Nilson  and  Pettersson,  but  Be"  =  9'1,  in  spite  of  its  low  specific  heat, 
just  as  the  existence  of  the  simple  molecules  AICI3,  &c.,  has  been  foreseen.  It  is 
remarkable  that  the  author's  paper  on  this  subject  was  7iot  mentioned  by  Nilson 
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Attempts' to  Decompose  Tellurium. 

An  attempt  to  decompose  the  metal  by  fractional  distillation  gave 
no  results  in  the  hands  of  Wills  (lac.  cif.). 

First  Method. — Tellurium  tetrabromido  was  subjected  to  fi-;ictional 
sublimation  in  a  vacuum.  The  more  volatile  portion  gave  Te  = 
127-60  and  127-63  (see  Experiment  35  and  36)  ;  the  less  volatile 
portion  Te  =  127-59  and  127-63  (Experiments  37  and  38). 

Second  Method. — A  considerable  quantity  of  crude  tellurium  was 
dissolved  and  precipitated  b}^  sulphurous  acid.  The  tellurium 
obtained  was  fused  in  many  portions  with  potassium  cyanide,  and  the 
claret-coloured  solution  Avas  precipitated  fractionally  by  passing  in  a 
current  of  air. 

The  single  portions  of  tellurium  obtained  were  distilled  in  a  current 
of  hydrogen  and  converted  into  the  bromide,  which  was  most  care- 
fully analysed  as  above. 


Exp. 
No. 
39.  .. 

Fraction 
No. 

I. 

TeBr^. 

grams. 

3-07912 

Ag4- 

grams. 

2-97064 

Br. 

p.  c. 

71-472 

Atomic 
weight. 

127-67 

40.  .. 

I. 

5-47446 

5-28157 

71-472 

127-67 

41.  .. 

..        II. 

3-30927 

3-19313 

71-482 

127-60 

42.  .. 

. .      IV. 

7-26981 

7-01414 

71-477 

127-64 

43.  .. 

..     IV. 

3-52077 

3-39667 

]\Iean 

71-471 

127-67 

127-65 

The  ex:periments  agree  so  remarkably  that  the  concordance  could  not 
be  closer  if  the  tellurium  were  absolutely  homogeneous  ;  the  largest 
deviation  from  the  mean  falling  aZ?nos^  within  the  unavoidable  experi- 
mental errors.* 

Experiment  44. — For  applying  the  correction  for  weighing  in  a 
vacuum,  the  sp.  gr.  of  tellurium  tetrabromide  was  taken  in  pure 
anhydrous  benzene  at  15""  C,  the  numbers  referring  to  water  =  1  at 
4"  C.  in  a  vacuum. 

Sp.  gr.  of  benzene 0-88456 

Weight  of  tellurium  bromide 3-40584  gram. 

Weight  of  benzene  displaced    0-69904       „ 

Sp.  gr.  of  TeBri  d}-^    4310 

and  Pettersson  when  they  had  experimentally  confirmed  both  the  above  supposi- 
tions. 

*  An  error  of  ±  O"!  milligram  of  silver  (=  two  drops  of  its  standard  solution) 
causes,  with  I  gram  of  the  substance,  a  difference  in  the  atomic  weight  of  ±  O'Oo, 
witli  5  grams  of  substance  a  difference  of  ±  O'Ol. 
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Loss  of  weigbt  in  air  of  1  grain  (Prague) — 

Tellurium  tetrabromide 0-274 

Silver 0-112 

The  atomic  -weight  of  tellurium  in  a  vacuum  is  obtained  by  adding  to 
the  numbers  obtained  in  air  +007. 

Third  MetJwd. — A  hydrochloric  solution  of  pure  tellurium  dioxide 
(preparation  see  under  G)  was  fractionally  precipitated  with  ammo- 
nia, and  eight  fractions  were  thus  obtained. 

Fraction  9  was  precipitated  from  the  last  filtrate  with  sulphurous 
acid  in  the  presence  of  hydrochloric  acid. 

Fraction  10. — ^After  boiling  off  the  excess  of  sulphur  dioxide,  the 
solution  was  jDi^ecipitated  with  hydrogen  sulphide.  A  bx'ownish-red 
sulphide  was  obtained,  the  small  quantity  of  which  did  not  permit  me 
to  ascertain  its  nature. 

The  tellui'ous  acid  obtained  in  the  single  fraction  was  converted  into 
the  element,  and  this  as  well  as  the  bromide  prepared  from  it  "were 
purified  as  above  by  sublimation. 


Exp. 
Xo. 

45.   .. 

Fraction 
No. 

1. 

TeBr,. 
grams. 

2-35650 

Ag4. 

grams. 

2-27363 

Br. 

p.  e. 

71-477 

Atomic 
weight. 

127-64 

46.   .. 

4. 

1-51931 

1-46564 

71-465 

127-71 

47.  .. 

9. 

1-43985 

1-38942 
Mean 

71-488 

127-57 

127-64 

This  again  would  seem  to  point  to  an  identity  of  the  single  fractions. 
In  the  following  experiments,  the  tellurium  was  only  dried  and 
fused  in  a  current  of  hydrogen,  but  not  distilled.  The  tetrabromide 
was  only  freed  from  the  dibromide  by  fractional  sublimation  in  a 
vacuum,  but  it  was  not  converted  into  vapour,  as  it  decomposed  with 
the  formation  of  a  deep-violet  vapour  and  of  a  large  quantity  of  the 
greenish-black  dibromide.  This  tetrabromide  possessed  a  peculiar 
greenish  colour,  and  its  solution  in  tartaric  acid  was  greenish-brown. 
The  substance  differs  in  properties  and  composition  completely  from 
the  normal  tellurium  tetrabromide,  as  seen  from  the  following  experi- 
ments : — 


Exp. 
No. 

48.  .. 

Fraction 
No. 

1. 

TeBr^. 

grams. 

1-85162 

Hi- 

grams. 

1-77858 

Br. 

p.  c. 

71-160 

Atomic 
weight. 

129-63 

49.  .. 

2. 

1-46740 

1-38428 

69-886 

i37-72 

50.  .. 

9. 

1-48180 

1-42573 

71-279 

128-88 

The  results  obtained   allow  us  to  draw  the  following  remarkable 
conclusion. 
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If  tellurium,  obtained  by  any  proceas  ot"  fnictionation  whatever,  be 
subjected  to  distillation  in  a  current  of  hydrogen,  and  the  tetrabromide 
be  prepared  from  this  by  sublimation  in  a  vacuum,  its  analysis  always 
gives  the  same  atomic  weight  for  tellurium.  So  that  on  comparing 
the  quantities  of  the  tetrabromide  with  those  of  the  corresponding 
silver,  as  used  in  Experiments  35 — 38,  39 — 43,  and  45 — 47,  the 
following  result  is  obtained  : — 

TeBr^.  Agj.  Tellurium, 

grams.  grams.  Atomic  weight. 

34-59027  33-37355  127-64 

Experiment  46,  maximum 127- 71 

„  47,  minimum 127-57 

Difference 014 

Largest  deviation  from  the  mean  . .       +0-07 
Probable  error  of  the  mean  result*.       +0008 

If,  however,  the  tellurium  be  only  fused  in  a  current  of  an  indiffe- 
rent gas,  and  the  tetrabromide  be  not  sublimed,  higher  numbei-s 
will  be  obtained.  In  this  way  in  the  Experiments  48,  49,  and  50  we 
got  Te  =  129-63,  137-72,  and  128-88. 

The  differences  are  too  large  to  be  due  to  experimental  errors,  as 
the  difference  between  137-72  and  12764  =  10-18  is  144  times  larger 
than  the  largest  deviation  from  the  mean,  and  1272  times  as  large  as 
the  probable  error  of  the  mean  result.  But  also  in  the  case  of  the 
smallest  number,  128-88,  the  corresponding  numbers  are  17  and  155 
times  larger. 

It  is  therefore  very  probable  that  on  distilling  tellurium  in  a 
current  of  hydrogen,  and  the  tetrabromide  in  a  vacuum,  one  con- 
stituent of  tellui'ium  escapes  partly,  the  presence  of  which  in  the  last 
three  cases  renders  the  atomic  weight  higher. 

The  fact  is  a  very  remarkable  one,  although  it  would  have  been 
hardly  remarkable  except  for  the  existence  of  the  periodic  law,  that 
in  the  greater  number  of  cases  the  "combining  weight  "  (we  cannot 
say  atomic  weight!)  of  tellurium  remains  constant,  so.  that  the 
quantity  of  matter  which  takes  part  in  the  reactions  as  "  tellurium  " 
weighs  127-6,  oxygen  weighing  16. 

Tellurium  is  a  true  "  GadoUniuvi  "f  of  the  hydrogen  sul/phide  group. 

*  Calculated  from  the  formula  ±0-6745  a  /  ,  where  S  =  sum  of  the 


5a/  

V    n{n  -  1) 


squares  of  the  errors,  n  =  number  of  experiments;  here  n  =  12. 

t  Compt.  rend.,  103,  795.  The  mixture  of  yttrium,  erbium,  and  ytterbium 
oxides,  showing  apparently  a  constant  molecular  weight  in  different  minerals,  was 
called  "  Gadolinium "  oxide  by  Nordenskiold.  Kammelsberg  {Berl.  Akad.,  80, 
549)  has  shown  that  this  assumption  contradicts  the  result  of  his  analyses. 
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I.  Analysis  of  the  Dibromide. 

A  large  atnount  of  time  and  woi-k  was  expended  on  tlie  study  and 
analysis  of  tellurium  dibi'omide,  mj  aim  having  been  to  determine 
the  atomic  weight  of  tellurium  by  as  many  independent  methods  as 
possible.  I  expected  that  the  quantity  of  bromine  combined  with 
100  parts  of  tellurium  in  the  dibromide,  and  that  in  the  tetrabromide 
would  stand  exactly  in  the  proportion  1  :  2. 

The  dibromide  was  prepared  by  fusing  the  tetrabromide  with  an 
excess  of  powdered  tellurium,  and  sublimation  either  in  a  vacuum  or 
in  a  current  of  carbon  dioxide,  TeBri  +  Te  =  2TeBr2.  It  forms  a 
blackish-green  or  black  crystalline  mass,  or  a  black  powder,  or,  after 
careful  sublimation,  needles  of  a  pale  steel  colour.  The  powder  is 
olive-green,  with  a  yellowish  tinge.  The  appearance,  indee.d,  seems 
to  show  that  the  substance  is  a  mixture  either  of  several  allotropic 
modifications,  or  of  different  compounds.  On  treatment  with  tartaric 
acid  solution,  tellurium  tetrabromide  dissolves,  forming  a  yellow 
solution,  which,  however,  is  sometimes  greenish-brown  from  the 
presence  of  another  substance, 

2TeBr2  =  Te  +  TeBri. 

The  dibromide  must  be  finely  powdered  under  the  tartaric  acid 
solution,  otherwise  some  of  the  dibromide  may  escape  decomposition, 
as  seen  from,  the  following. 

Experimevt  51. — 1'3856  grams  of  the  dibromide  was  only  extracted 
with  tartaric  acid,  and  the  solution  gave  1'6730  grams  of  AgBr  ^ 
51'38  per  cent,  bromine.  The  following  experiments  were  made  with 
tellurium  dibromide  of  different  preparations.  The  bromine  was 
determined  as  silver  bromide,  which  was  collected  in  a  dark  room  by 
reversed  filtration : — 

Exp.  TeBrs.  AgBr.  Br. 

No.  grams.  grams.  p.  c. 

62 0-5526  0-7160  55-14 

53 0-8322  1-0726  54-85 

54 2-3741  3-0693  55-02 

55 1-00872  1-29556  54658 

After  dissolving  the  insoluble  washed  residue  of  tellurium  in  dilute 
nitric  acid  in  the  apparatus  Fig.  1,  it  was  tested  for  bromine,  but 
silver  nitrate  gave  only  a  small,  flocculent,  greyish-violet  precipitate, 
■which  was  neither  silver  bromide  nor  silver  tellurium  tartrate. 

The  percentage  of  bromine  calculated  for  Te  =  127-64  in  the 
dibromide  ought  to  be  Br  =  55-62.  All  the  results  obtained  were 
lower,  the  highest  (Experiment  52)  pointing  to  an  atomic  weight  of 
Te  =  130,  the  lowest  (Experiment  55)  to  Te  =  133. 
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From  the  analyses  of  tellurium  tc'tral)n)mide,  dibromide,  and  the 
observations  regarding  them,  the  following  conclusion  may  bo 
drawn : — 

Tellurium  is  not  a  simple  substance. 

The  question  arises,  whether  the  numbers,  obtained  by  the  synthesis 
of  the  dioxide  and  the  sulphate  of  tellurium,  ufiving  Te  =  125 — 126 
(see  Experiments  1 — 19),  are  to  be  regarded  as  inaccurate  ? 

This  I  deny  most  decidedly.  On  the  contrary,  I  regard  these 
experiments  as  another  proof  of  the  complex  nature  of  tollui'ium. 
For  a  mixture  of  several  elements — probably  three,  as  seen  from  the 
result  of  the  fractionation  with  ammonia — may  be  expected  to  possess 
an  affinity  for  oxygen  different  from  that  which  they  have  for 
bromine,  and  indeed,  the  stability  of  the  mixed  bromides  obtained 
from  different  fractions  is  very  different. 

The  next  task  consists  in  studying  the  nature  of  the  foreign 
admixtures  of  tellurium,  in  order  to  prepare  pure,  real  tellurium, 
which  remains  to  be  discovered* 

I  should  be  much  obliged  to  my  brother  chemists  if  they  would 
kindly  leave  this  problem  to  be  worked  out  by  me  for  some  time  to 
come,  as  only  now,  after  six  years'  labour,  have  I  begun  to  overcome 
some  of  the  difficulties  connected  with  the  research,  and  I  expect  to 
encounter  even  more  serious  ones  in  the  future.  Nothing  is  more 
hurtful  to  true  science  than  the  hasty  publication  of  incomplete  and 
unverified  results,  and  1  hope  I  may  not  be  forced  by  circumstances 
to  adopt  such  a  course. 

Some  of  the  results,  unpublished  here,  have  been  communicated  by 
the  author  to  the  Chemical  Society  at  the  meeting  of  June  6th, 
1889. 

*  The  behaviour  of  acid  tellurium  solutions  towai'ds  hydrogen  sulphide  is 
another  proof  of  its  compound  nature.  The  first  drops  of  sulphuretted  hydrogen 
water  cause  a  reddish-brown  coloration  of  the  solution,  showing  a  peculiar  fluor- 
escence, due  probably  to  the  formation  of  a  colloidal  sulphide.  On  adding  some 
more  sulphuretted  hydrogen  water,  a  reddish-brown  precipitate  is  thrown  down,  the 
solution  remaining  reddish-brown.  As  soon  as  the  gas  is  present  in  excess,  the 
volume  of  the  sulphide  (?)  diminishes :  it  becomes  black,  and  consists  now  of  a 
mixture  of  tellurium  and  sulphur.  After  extracting  the  latter  with  carbon  bisul- 
phide, the  precipitate  still  contains  several  per  cent,  of  sulphur,  probably  in  the 
form  of  a  sulphide. 
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XLII. — The  Isomerism  of  the  Alhyl- derivatives  of  Mixed  Diazoamido- 

comjoounds. 

By  Raphael  Meldola,  F.R.S.,  and  F.  W.  Streateetld,  F.I.C. 

The  isomerism  which  has  been  brought  to  light  in  the  course  of  our 
investigations  of  the  alkyl-diazoamides  is,  as  we  have  already  pointed 
out  in  former  papers,  quite  inexplicable  by  the  formula  generally 
assigned  to  these  compounds,  and  in  our  last  communication  on  this 
subject  we  promised  to  make  this  isomerism  the  subject  of  further 
i-esearch  (Trans.,  1888,  664!).  For  the  complete  appreciation  of  the 
nature  of  the  problem  which  we  have  taken  up,  it  will  be  advisable  to 
state  once  more  the  general  conckasion  to  which  our  former  work 
pointed  and  the  principle  of  the  method  which  we  have  employed  in 
arriving  at  this  conclusion. 

The  generalised  formula  of  the  diazoamides  of  mixed  type  is  gene- 
rally written — 

X-No-NHY  or  Y-N^-NHX. 

According  to  this  view,  two  alky  1- derivatives  only  are  possible, 
viz. : — 

X-N^-NR'T  and  Y-Is^-NR'X. 

"When  mixed  diazoamides  are  prepared,  only  one  compound  can  be 
obtained  from  any  pair  of  dissimilar  amines,  Griess  having  shown 
tliat  it  is  immaterial  in  which  order  the  amines  are  diazotised  and 
combined,  a  discovery  which  has  been  since  confirmed  by  many 
investigators.  We  may  add  that  we  have  made  numerous  experi- 
ments in  the  course  of  our  work  with  many  pairs  of  dissimilar  amines, 
and  have  invariably  obtained  the  same  compound  in  whichever  order 
the  amines  vrere  diazotised  and  combined,  so  that  there  can  be  no 
doubt  as  to  the  generality  of  Griess's  conclusions. 

The  diazoamides,  both  normal  and  mixed,  can  be  readily  alkylated 
b\'  heating  them  in  alcoholic  solution  with  the  theoretical  proportions 
of  alkyl  iodide  and  potassium  hydroxide. 

Alkyl-derivatives  can  also  be  prepared  by  acting  with  a  diazotised 
amine  upon  an  alkylamine,  such,  for  example,  as  by  the  action  of 
X-N,-C1  on  T-NHR'  or  of  T-Nj-Cl  on  X-NHR'.  Our  first  experi- 
ments were  undertaken  with  the  object  of  determining  the  constitu- 
tion of  the  mixed  diazoamides  by  comparing  their  directly  alkylated 
derivatives  with  the  two  alkyl-derivatives  prepared  from  the  con-e- 
spondi'ng  amine  and  alkylamine  as  above.  It  was  found  that  the 
derivative  prepared  by  direct  alkylation  corresponded  with  neither  of 
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the  other  isomerides,  and  it  was  accordingly  iufeiTcd  that  any  pair 
of  aromatic  amines  could  give  rise  to  the  three  isomeric  alkyl-diazo- 
amidos : — 

1.  By  the  action  of  X-N,-C1  on  Y-NHR'. 

2.  By  the  action  of  Y-N.,-C1  on  X-NHR'. 

3.  By  the  action  of  KOH  and  R'l  on  X-NsH-T. 

The  generality  of  this  conclusion  has  hitherto  rested  only  on  the 
two  cases  made  known  in  former  papers,  viz.,  the  methyl-  and  ethyl- 
derivatives  of  the  diazoamides  obtained  from  para-  and  meta-nitr- 
aniline.  In  the  present  paper,  we  give  the  results  of  the  extension  of 
our  experiments  to  manj^  other  pairs  of  amines,  and  the  truth  of  our 
former  inference  is,  as  will  be  seen,  completely  borne  out  in  every 
case.  From  each  pair  of  amines  experimented  with,  we  have  obtained 
three  isomeric  alkyl-derivatives.  These  series  of  three  isomerides 
are  referred  to  in  the  paper  as  triplets.  The  compounds  produced  by 
Methods  1  and  2  (see  above)  are  easily  pi'epared,  and  in  most 
instances  have  presented  but  little  diflBculty  in  the  way  of  purifica- 
tion. The  compounds  of  this  class  are  for  the  present  formulated  in 
accordance  with  their  mode  of  production  on  the  types  X-Nz'NR'-Y 
and  Y'No'NR'-X.  The  compounds  prepared  by  direct  alkylation, 
which  are  provisionally  formulated  on  the  type  X'NsR'-Y  (Method  3), 
have  been  much  more  difficult  to  obtain  in  a  state  of  purity,  a 
difficulty  which  we  attribute  entirely  to  the  tendency  of  the  mixed 
diazoamides  to  become  contaminated  with  traces  of  the  normal  diazo- 
amides by  secondary  reactions  occurring  during  their  formation. 
We  are  not  aware  whether  other  experimenters  have  experienced  a 
similar  difficulty  in  dealing  with  these  compounds,  and  on  referring 
to  the  various  papers  by  previous  workers  we  find  that  the  com- 
position has,  in  nearly  all  cases,  been  considered  as  settled  by  the 
determination  of  one  element  only,  generally  the  nitrogen.  It  will  be 
seen,  however,  that  this  mode  of  procedure  cannot  be  regarded  as 
satisfactory,  since  a  mixed  diazoamide  containing  a  halogen-atom  in 
one  radicle  might  be  contaminated  with  an  appreciable  quantity  of 
the  normal  compound  without  affecting  the  percentage  of  nitrogen 
beyond  the  ordinary  limits  of  experimental  error.  To  give  a  specific 
instance :  By  the  action  of  paradiazotoluene  chloride  on  parachlor- 
aniline,  or  of  parachlorodiazobenzene  chloride  on  paratoluidine,  there 
is  formed  a  mixed  diazoamide  of  the  formula  CeHiChNsH'CTHv,  which 
contains  17'1  per  cent,  of  nitrogen  and  14-8  per  cent,  of  chlorine. 
The  corresponding  pair  of  normal  compounds  would  be 

CeH^Cl-NaH-CeH^Cl 

(containing  267  per    cent,    of    CI   and    158    per    cent,    of    N),    and 
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CtHt-NsH-CtHy  (containing  18'7  per  cent,  of  N).  The  two  normal 
compounds  differ,  therefore,  from  the  mixed  compound  only  by  1'3 
and  16  per  cent,  of  nitrogen  respectively,  so  that  a  considerable 
quantity  of  one  or  both  the  normal  compounds  might  be  present  in 
admixture  with  the  mixed  diazoamide  without  being  detected  by  an 
analysis  in  which  the  nitrogen  was  the  only  element  determined. 

From  considerations  such  as  the  foregoing,  it  is  obvious  that  the 
purity  of  the  mixed  diazoamides  can  only  be  regarded  as  satisfactorily 
demonstrated  when  at  least  two  of  the  constituent  elements  are 
determined.  The  mixed  compounds  containing  a  halogenised  radicle 
on  one  side  of  the  NgH-group  are  particularly  well  adapted  for  show- 
ing when  a  pure  product  is  obtained,  because  the  presence  of  a  small 
quantity  of  one  or  the  other  of  the  normal  compounds  is  easily  shown 
on  determining  the  halogen;  whereas  the  nitrogen  detei'mination 
would  fail  to  reveal  the  presence  of  a  small  percentage  of  such  an 
impurity.  For  this  reason  we  have  made  use  of  parachloraniline  or 
parabromaniline  as  one  of  the  amines  in  the  preparation  of  all  the 
mixed  diazoamides  described  in  the  present  paper.  It  is  evident  that 
such  compounds  are  more  suitable  for  the  purposes  of  the  investiga- 
tion upon  which  we  are  engaged  than  the  more  symmetrical  mixed 
compounds  containing  such  radicles  as  (^)N02*C6H4  and  (m)N02'C6H.4 
on  each  side  of  the  NsH-group.  Thus  the  mixed  compound, 
(jj)N02'C6H4'N3H-C6H4']Sr02(m),  described  by  us  in  a  former  paper, 
would  have  the  same  percentage  composition  as  the  two  normal 
compounds, 

( 2;)N02-C6H4-]S'3H-C6H4-N02(  p)  and  (m)N02-C6H4-]S"3H-C5H4-N02(7)t), 

either  or  both  of  which  might  be  present  in  admixture  with  the 
mixed  parametadinitro-compound  without  being  capable  of  detection 
by  analysis.  It  was  only  after  considerable  experience  with  the 
mixed  compound  containing  one  halogenised  radicle  had  shown  us 
that  varying  quantities  of  one  or  the  other  of  the  corresponding 
normal  compounds  were  generally  formed  at  the  same  time  as  the 
mixed  diazoamide,  that  we  were  led  to  discredit  the  purity  of  those 
mixed  compounds  prepared  by  previous  investigators,  and  taken  as 
pure  on  the  strength  of  a  nitrogen  determination  only.  For  the 
jsame  reason  we  were  led  to  suspect  that  our  own  preparations  of  the 
mixed  para-metadinitrodiazoamidobenzene  might  have  been  con- 
taminated with  more  or  less  of  the  normal  dipara-  or  dimeta-nitro- 
eompound,  analysis  being  obviously  of  no  avail  for  the  decision  of 
this  question.  We  have,  therefore,  submitted  the  mixed  dinitrodiazo- 
amide  from  paranitraniline  and  metanitraniliue  to  a  further  critical 
examination,  in  order  to  clear  up  this  point  in  the  first  place,  slight 
variations  in  the  melting  points  of  different  preparations  having  con- 
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vinced  us,  in  the  light  of  "more  recent  experience,  that  traces  of  the 
normal  compound  might  have  been  present  in  our  earlier  experi- 
ments. We  shall  describe  the  results  of  these  experiments  before 
passing  on  to  the  other  triplets.  With  respect  to  the  melting  points 
of  the  diazoamido-compounds  and  their  alkyl-derivatives,  it  will  be 
necessary  at  this  stage  of  our  work  to  offer  some  general  obser- 
vations. 

Starting  from  the  fact,  which  we  now  regard  as  established  on  a 
fairly  wide  basis,  that  each  pair  of  amines  gives  rise  to  three  isomeric 
alkyl-diazoamides,  we  have  found  that  the  melting  point  of  the  com- 
pound produced  by  direct  alkylation  is  always  more  vague  than  that 
of  either  of  its  isomerides.  This  vagueness  of  melting  point  appears 
to  be  a  natural  property  of  the  compounds  of  this  series.  The  ex- 
planation of  this  property  is  to  be  found  in  the  fact  that  the  diazo- 
amides,  as  well  as  their  alkyl-derivatives,  are  all  more  or  less  prone  to 
decompose,  with  evolution  of  nitrogen,  on  heating ;  so  that  the 
melting  point  is,  in  most  cases,  also  the  point  of  decomposition,  .and 
it  is  well  known  that  under  such  circumstances  sharpness  of  melting 
point  cannot  be  expected.  The  products  formed  by  dii'ect  alkylation, 
taken  as  a  whole,  are  more  easily  decomposable  than  their  isomerides, 
both  on  heating  and  by  the  action  of  acids ;  and  it  is  this  fact  which 
accounts  for  the  wider  range  of  their  melting  points.  The  instability 
is  more  pronounced  in  those  compounds  which  contain  acid  radicles, 
such  as  NO2,  Br,  CI,  &c.,  in  both  nuclei,  and  in  some  of  these  cases 
the  substance  begins  to  shrink  and  soften  many  degrees  before  fusing 
to  a  clear  liquid,  bubbles  of  nitrogen  being  given  off  more  and  more 
freely  as  the  temperature  rises.  It  must  be  understood  that  this  pro- 
perty more  especially  pertains  to  the  compounds  produced  by  direct 
alkylation :  the  isomerides  formed  by  the  action  of  diazotised  amines 
on  alkylamines  have  fairly  sharp  melting  points  owing  to  their  being 
more  stable  under  the  influence  of  heat.  We  had  noticed  this  vague- 
ness of  melting  point  in  the  directly  alkylated  products  of  the  mixed 
para-metadinitro-diazo-compound  first  studied,  but  we  were  not  aware 
till  we  had  prepared  many  analogous  compounds  that  the  property  in 
question  was  characteristic  of  all  the  alkyl-derivatives  produced  in  a 
similar  manner. 

Further  Experiments  to  test  the  Chemical  Individualiti]  of  Para-meta- 
dinitro-diazoaniidobenzene  and  its  Alkyl-derivatives. 

Experiment  I. — Metanitraniline  was  diazotised  and  combined  with 
paranitraniline  in  the  usual  manner.  The  crude  product  when  dry 
had  a  melting  point  of  about  200 — 201°.  On  crystallising  from 
alcohol,  the  following  melting  points  were  observed  : — 
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After  1st  crystallisation:  m.  p.  216'5 — 217° 
„     2nd  „  „  217° 

„     3rd  „  „      211-212° 

„     4th  „  „     212— 212-5''. 

The  melting  point  after  this  remained  constant,  and  we  believe  this 
to  be  about  the  true  point  of  fusion  of  the  substance,  the  higher 
readings  of  the  first  and  second  crystallisations  being  possibly  due  to 
the  presence  of  some  of  the  normal  compound, 

(p)NO,-C6H,-N-3H-CeH4-NO,(p), 

which  was  removed  by  the  continued  crystallisations.  As  illustrating 
the  difficulty  of  determining  the  melting  point — even  in  the  case  of 
this  compound,  which  fuses  much  more  sharply  than  its  alkyl-deriva- 
tives — we  may  add  that  the  rate  at  which  the  sulphuric  acid  bath  is 
heated  materially  influences  the  result.  By  causing  the  mercury  of 
the  thermometer  to  rise  very  rapidly,  the  melting  point  of  the  com- 
pound could  be  raised  to  222°  or  227 — 228°. 

Experiment  II: — In  the  next  experiment,  the  order  of  combination 
was  reversed;  paranitraniline  was  diazotised  and  then  combined  with 
metanitraniline  as  before.  The  crude  product  when  dry  fused  at 
about  210—211°. 

After  1st  crystallisation  :  m.  p.  210-210-5° 
„     2nd             „  „      212—213 

„     3rd  „  „      211-212-5 

„     4th  „  „      212-5— 213-5° 

„     5th  „  „      212-5—213°  (constant). 

From  this  result  it  appears  that  a  purer  product  was  obtained  in 
the  first  place  by  this  order  of  mixing.  The  final  products  from 
each  experiment  were  compared  and  found  to  be  identical  in  all 
respects,  dissolving  in  alcoholic  potash  with  the  orange-red  colour 
intermediate  between  the  orange  solution  of  the  dimetadinitro-com- 
pound  and  the  magenta-red  solution  of  the  diparadiuitro-compound 
in  the  same  solvent.  This  pair  of  experiments  sei-ves  to  show  that 
the  para-metadinitro-compoundis  a  distinct  chemical  substance  having 
a  melting  point  of  212—218°.* 

Experiment  IV. — The  next  experiment  is  a  repetition  of  a  former 
attempt  (this  Journ.,  Trans.,  1887,  440,  note)  to  synthesise  the  para- 
meta-compound  by  mixing  the  two  normal  isomerides — 

(p)N02-C6H4-N3H-C6H4-N'03(jD)  and  (m)N02-C6H4-N3H-C6H4-NOo(7n). 

2  grams  of  each  were  completely  dissolved  in  alcoholic  soda,  the  solu- 
tion diluted  with  water,  and  then  just  neutralised  with  acetic  acid  so 

*  In  our  former  papers  we  gave  the  melting  point  as  211°. 
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as  to  throw  out  the  diazoaniides  in  a  state  of  perfect  admixture.  The 
precipitate,  after  being  collected  and  washed  with  water,  was  crys- 
tallised from  alcohol,  the  first  crop  of  crystals  being  filtered  off  as 
soon  as  the  solution  was  cool.  The  melting  point  of  this  first  crop 
was  214 — 215°,  and  a  second  crystallisation  brought  the  melting  point 
up  to  222 — 223° — that  is,  to  that  of  the  pure  diparadinitro-compound. 
The  mother-liquor  from  the  first  crop  deposited  a  second  crop  of 
crystals  on  standing.  These  had  a  melting  point  of  193 — 194°,  and 
thus  proved  to  be  the  dimetadinitro-compound.  The  two  normal 
compounds  do  not,  therefore,  enter  into  combination,  and  are  easily 
separable  by  fractional  crystallisation. 

Experiment  V. — 3  grams  of  each  of  the  two  normal  isomerides  were 
mixed  and  dissolved  in  alcohol  with  the  theoretical  quantity  of  potas- 
sium hydroxide  (one  molecular  proportion)  and  ethyl  iodide.  The 
mixed  compounds  were  ethylated  by  cohobation  in  the  usual  way.  The 
product,  after  being  collected  and  washed  with  water  had,  when  dry,  a 
melting  point  of  141 — 166°,  and  was  seen  under  the  microscope  to 
consist  of  a  mixture  of  two  kinds  of  crystals.  The  ethyl-derivatives 
were  then  crystallised  from  alcohol. 

After  1st  crystallisation:  m.  p.  150 — 179* 
„      2nd  „  „     188—191-5 

„      3rd  „  „      191—192°  (constant). 

The  result  shows  that  no  combination  of  the  ethyl-derivatives  takes 
place.     The  normal  ethyl-derivative, 

(;>)NO,-CeH,-N3(C,H5)-C,H4-N'02(p), 

being  much  less  soluble  than  the  dimeta-compound,  is  easily  separable 
from  the  mixture  in  a  state  of  purity  after  three  crystallisations. 

Experiment  VI. — The  last  experiment  having  shown  that  alkyl- 
diazoamides  of  different  solubilities  are  easily  separable  by  continued 
crystallisation,  a  pure  specimen  of  the  mixed  para-metadinitrodiazo- 
compound  was  prepared  by  combining  diazotised  metanitraniline  with 
paranitraniline  and  crystallising  the  product  from  alcohol  till  the 
melting  point  was  constant  (212 — 213°).  The  purified  compound  was 
then  ethylated  as  usual,  and  the  ethyl-derivative  crystallised  from 
alcohol : — 

After  1st  crystallisation  :  m.  p.  151 — 155° 
„      2nd  „  „     151—155 

„      3rd  „  „     151—155 

The  substance   is  thus  unresolved  by  crystalli-sation  from  alcohol, 
and  there  can  be  but  little  doubt  as  to  its  chemical  individuality. 
Experiment  VII. — Another   specimen  of  the  mixed  parameta-com- 
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pound  was  prepared  by  combining  diazotised  paranitraniline  with 
inetauitraniline,  and  the  purified  product  was  ethylated  as  in  the  last 
experiment.  The  ethyl-derivative  was  then  crystallised  from 
alcohol : — 

After  1st  crystallisation  :  m.  p.  153"5 — 156° 
„     2nd             „  „       lo3-5— 1.56 

„      3rd  „  „       151—153° 

„      4th  „  „      152—156 

„      5th  „  „      152—155 

These  experiments  furnish  additional  evidence  of  the  identity  of 
the  mixed  diazoamide  prepared  by  the  two  orders  of  combination. 
The  melting  point  of  the  ethyl-derivative  may  be  taken  as  about 
151 — 155°,  the  vagueness  arising  from  the  decomposition  of  the 
substance  and  the  consequent  difficulty  of  determining  the  precise 
point  at  which  it  begins  to  fuse  and  the  point  at  which  fusion  may  be 
said  to  be  complete.  We  consider  the  melting  point  now  given  as 
nearer  the  truth  than  that  given  in  our  earlier  papers  (148°),  our 
former  preparation  being  probably  contaminated  with  slight  traces  of 
one  or  both  of  the  normal  dinitrodiazoamides,  the  presence  of  which 
would,  as  already  explained,  escape  detection  by  analysis. 

In  the  following  descriptions  of  the  new  series  of  alkyl-diazoamides, 
we  have  not  thought  it  necessary  in  all  cases  to  isolate  tlie  mixed 
diazoamide  in  a  state  of  chemical  purity  previous  to  its  alkylation,  as 
it  was  generally  found  more  expeditious  to  alkylate  the  crude 
product,  and  then  purify  the  latter  by  crystallisation.  This  method 
of  working  offers  many  advantages,  because  the  alkyl-derivatives  are 
in  most  cases  more  stable  when  treated  with  the  solvent  than  the  un- 
alkylated  mixed  diazoamide.  We  have,  indeed,  reason  to  believe  that 
some  of  the  more  unstable  mixed  compounds,  even  when  pure  at 
starting,  may  become  contaminated  with  more  or  less  of  the  corre- 
sponding normal  compounds  on  prolonged  boiling  with  alcohol.  This 
point  is  at  present  undergoing  further  investigation,  but  the  results 
are  not  as  yet  ripe  for  publication.  The  products  of  decomposition 
by  hydrochloric  acid  have  throughout  been  determined  by  the  method 
described  in  former  papers  (Trans.,  1887,  438,  and  1888,  675.) 

I.  The   Triplet   from    Paranitkanilinb   and    Parabromakiline    con- 
taining Methyl. 

1.  Action  of  Diazotised  Paranitraniline  on  Methylparahromaniline. — 
Paranitraniline  was  diazotised,  and  the  solution  mixed  with  the 
theoretical   quantity  of  methylparahromaniline   oxalate*  dissolved  in 

*  This  salt  was  used  because  of  the  readiness  with  which  it  crystalUses,  and  the 
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cold  water.  As  soon  as  the  solutions  are  mixed,  an  orange  I'esinous 
substance  separates  oat,  and  after  being  allowed  to  stand  for  some 
hours  this  was  collected,  washed  with  cold  water,  and  purified  by  two 
or  three  crystallisations  from  alcohol.  The  substance  forms  minute 
orange  needles  melting  sharply  at  151 — 151*5". 

0-0829  gram  gave  12  c.c.  moist  N  at  13-5°  C.  and  744-8  mm.  bar. 
0-0905  „  00497  gram  Agi3r. 

Calculated  for 
(;?)NO.jC6H4N.N(Cna)C6H,-Br(;?).       Found. 

N 10-72  16-72 

Br 23  88  23-37 

Decomposition  by  Hydrochloric  Acid. — 0'3267  gram  of  the  substance, 
allowed  to  stand  for  two  days  under  10  c.c.  of  strong  acid,  dis- 
solved with  the  exception  of  a  trace  (weighing  00058  gram).  The 
solution  on  dilution  and  filtering  into  an  alkaline  solution  of 
/i-naphthol  gave  0-2787  gram  pure  azonaphthol  compound,  corre- 
sponding to  a  yield  of  86-85  per  cent.  Theory  requires  87'46  per 
cent.  The  azonaphthol-conipound  after  crystallisation  from  glacial 
acetic  acid  was  identified  as  paranitrobenzeneazo-/i-naphthol  (m.  p. 
2^9°).  The  decomposition  therefore  takes  place  as  shown  in  the 
equation — 

(i>)NO.,-C6H,-No-N(CH3)-C6H4-Br(^)  +  HCl  =  (p)NO,-aH,-N,-Cl 

+  (i;)Br-C6H4-NH-CH3. 

2.  Action  of  Diazotised  Parabromaniline  on  Methylparanitraniline. — 
Owing  to  the  feebly  basic  property  of  methylparanitraniline,  this 
combination  could  not  be  effected  in  aqueous  solution,  as  too  much 
acid  is  required  to  keep  the  methylnitraniline  dissolved,  and  the 
addition  of  the  aqueous  solution  of  diazobromobenzene  chloride 
simply  throws  out  the  methylnitraniline  in  a  crystalline  unaltered 
condition.  The  latter  was  therefore  dissolved  in  a  large  volume  of 
cold  alcohol,  and  the  diazo-chloride  solution  slowly  mixed  ;  excess 
of  sodium  acetate  was  then  added,  and  the  solution  allowed  to  stand 
for  some  hours  in  the  cold.*  The  dense,  orange,  crystalline  preci- 
pitate was  collected,  washed  with  water,  and  crystallised  three  or  four 
times  from  boiling  alcohol,  in  which  the  compound  is  but  very 
sparingly  soluble.  It  forms  small,  yellowish,  ill-defined  crystals 
melting  at  163 — 164°  with  decomposition  : — 

facility  which  it  thus  offers  for  obtaining  the  secondary  amine  in  a  solid  weigliable 
form,  and  in  a  condition  of  perfect  purity. 

*  In  preparing  mixed  alkyldiazo-amides  by  this  method,  we  have  always  noticed 
the  production  of  an  odour  resembling  that  of  the  isocyanides. 
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0-1210  gram  gave  16-9  c.c.  moist  N  at  125°  C.  and  7612  mm.  bar. 
0-2 7G9  „  0-1547  gram  AgBr. 

Calculated  for 
(jo)Bi-C6H4-N.yN(CH3)-C6Hs-NOo(p).  Found. 

N"..- 16-72  16-57 

Bi- 23-88  23-77 

Decomposition  by  Hydrochloric  Acid. — 0"3610  gram  (less  0-0308  gram 
residue)  decomposed  by  10  c.c.  strong  acid,  acting  at  the  ordinary 
atmospheric  temperature  for  24  houi's,  gave  03370  gram  azonaphthol- 
compound,  corresponding  to  102  per  cent.  Theory  requires  97-6  per 
cent.  The  azonaphthol-compound  on  crystallisation  from  alcohol 
proved  to  be  parabromohenzeneazo-^-naplithol.  This  last  compound 
does  not  appear  to  have  been  described.  It  forms  deep  red  needles 
melting  at  168—170°  :— 

0-2090  gram  gave  0-1216  gram  AgBr. 

Calculated  for 
Br-CeH^-No-CioHfi-OH.  Found. 

Br 24-46  2475 

The  decomposition  accordingly  takes  place  as  follows  : — 

(p)Br'C6H4-N2-N(CH3)-C6H,-NOo(25)  +  HCl  = 

(p)Br-CfiH4-No-Cl  +  (2;)N03-C6H4-NH-CH3. 

3.  MetTiylation  of  Paranitroparahromodiazoamidohenzene. — Consider- 
able difficulty  was  experienced  in  obtaining  a  specimen  of  this 
compound  sufficiently  pure  for  methylation,  the  product  generally 
being  contaminated  with  some  of  the  dinitrodiazoamidobenzene,  and 
the  nitrogen  coming  out  too  high  in  consequence.  In  the  case  of  this 
compound,  the  nitrogen  determination  obviously  furnishes  the  most 
certain  criterion  of  purity.  The  action  of  diazotised  bromaniline  on 
paranitraniline  dissolved  in  alcohol  gave  very  unsatisfactory  results, 
but  the  reverse  order  of  combination  gave  a  purer  product  when  the 
proper  precautions  were  observed.  The  bromaniline  is  first  dissolved 
in  dilate  hydrochloric  acid,  and  then  thrown  out  in  a  very  finely 
divided  state  by  the  addition  of  sodium  acetate,  a  sufficient  quantity 
of  this  salt  being  added  to  insure  the  absence  of  free  hydrochloric 
acid  when  the  whole  of  the  diazo-chloride  solution  is  added.  The 
paranitraniline  is  diazotised  in  the  usual  way,  and  the  solution 
allowed  to  drop  slowly  with  constant  stirring  into  the  bromaniline 
suspended  in  the  well-cooled  sodium  acetate  solution.  After  being 
allowed  to  stand  for  some  hours,  the  orange  precipitate  is  collected, 
washed  with  water,  and  orysrallised  from  alcohol.  The  substance 
appears  to  be   capable  of  crystallising  in  two  distinct  forms ;  if  the 
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crystals  separate  out  rapidly,  they  consist  of"  orange  scales  glistening 
with  prismatic  colours.  By  slow  crystallisation,  the  compound  is 
obtained  in  the  form  of  dense  orange  prisms  with  pointed  extremities. 
In  most  cases  the  two  kinds  of  crystals  were  obtained  in  admixture. 
The  melting  point  is  unfortunately  too  vague  to  enable  us  to  state 
whether  this  difference  of  crystalline  form  indicates  the  existence  of 
chemical  isomerides,  as  both  scales  and  prisms  decompose  on  heating, 
and  have  the  wide  range  of  melting  point  so  characteristic  of  the 
unstable  diazoamides.  The  melting  point  ranged  from  175 — 181°.* 
The  prismatic  crystals  melt  somewhat  more  sharply  than  the  scales, 
and,  no  doubt,  represent  a  form  of  the  compound  analogous  to  that 
assumed  by  the  corresponding  mixed  diazoamide  from  paranitraniline 
and  pai^achloraniline  described  in  our  last  communication  on  this 
subject  (Trans.,  1888,  673).  From  the  fact  that  both  kinds  of 
crystals  give  on  alkylation  the  same  and  apparently  a  homogeneous 
compound,  we  are  disposed  to  believe  that  there  is  no  chemical 
isomerism  associated  with  this  difference  of  form.  A  nitrogen  deter- 
mination in  a  specimen  containing  the  two  crystalline  modifications, 
which  it  was  found  impossible  to  separate  completely  from  one 
another,  gave  the  following  result : — 

0'1841  gram  gave  27"3  c.c.  moist  N  at  14°  C.  and  759-9  mm.  bar. 

Calculated  for 
(i?)N02-C6H4N3H-C6H4-Br(i?).  Found. 

X 17-44  17-49 

The  foregoing  compound  is  very  similar  in  its  properties  to  the 
corresponding  dinitrodiazoamide,  dissolving  with  a  red  colour  in  hot. 
aqueous  caustic  soda,  and  with  a  similar  colour  in  cold  alcoholic  soda. 
Methylation  was  effected  in  the  usual  way,  by  cohobation  in  alcoholic 
solution  with  the  theoretical  quantities  of  potassium  hydroxide  and 
methyl  iodide.  The  product  was  purified  by  repeated  crystallisation 
from  alcohol  made  alkaline  with  caustic  soda  (to  remove  any 
unmethylated  product),  and  finally  from  ordinary  alcohol.  The  pure 
substance  forms  microscopic  yellow  needles  melting  at  150-5 — 151"5°, 
at  the  same  time  fiothing  up  and  decomposing. 

0-0928  gram  gave  12-9  c.c.  moist  N  at  10°  C.  and  769-2  mm.  bar. 
0-0736  „  0-0411  gram  AgBr. 

Calculated  for 

(i9)N02-CfiH4-N3(CH3)-C„H4-Br(;9).  Found. 

N 16-72  16-84 

Br 23-88  23-77 

*  The  melting  point  when  crystallised  from  benzene  is,  according  to  Goldschmidt, 
184°  (Ber.,  1888,  2574).  By  running  up  the  temperature  very  rapidly,  our  pre- 
paration could  be  raised  in  melting  point  to  about  187°. 
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Decomposition  by  Hydrochloric  Acid. — 0'2253  gram,  allowed  to  remain 
under  10  c.c.  of  strong  acid  at  the  ordinary  temperature  for  2  to  3 
hours,  left  0"0280  gram  unaltered  substance,  and  gave  0"1874  gram 
azonaplitliol -compound,  corresponding  to  about  95  per  cent.  The 
azonaphtliol-compound  had,  when  crude,  a  melting  point  ranging 
from  184 — 207°,  and  thus  proved  to  be  a  mixture.  By  continued 
cry  stain  satiou  from  glacial  acetic  acid,  the  mixture  was  separated,  as 
shown  by  the  following  melting  points  : — 

■  After  1st  crystallisation :  m.  p.  188 — 234° 
„     2nd            „  „      225—235 

„     3rd  „  „      240—243-5° 

„     4th  „  „      246-5- 247-5° 

„      5th  ,,  „       249°  (constant). 

The  substance  separated  is,  therefore,  paranitrobenzeneazo-/3- 
naphthol.  The  compound  accordingly  breaks  up  under  the  influence 
of  the  acid  in  two  ways  : — 

2(p)N03-C6H,-X3(CH3)-CeH,-Br(p)  +  2HC1  = 
(p)NO.>-C6H4-N2-Cl  +  (23)Br-C6H4-N,-Cl  +  (p)N"02-C6H,-NH-CH3 
+  (p)Br-C6H,-NH-CH3. 

The  azonaphtliol-compound  is  thus  a  mixture  of  paranitrobenzene- 
azo-^-naphthol  and  parabromobenzeneazo-/3-naphthol.  If  the  decom- 
position took  place  quantitatively  in  accordance  with  the  above  equa- 
tion, 100  parts  of  the  diazoamide  should  yield  92-5  parts  of  the  mixed 
azonaphthols.  Our  experiment  gave  95  per  cent.  The  92'5  parts  of 
the  mixed  azo-naphthols,  corresponding  to  the  above  decomposition, 
contain  129  per  cent,  bromine.  An  analysis  of  our  crude  azonaphthol- 
com  pound  (before  fractional  crystallisation)  gave  the  following 
result : — 

0"1640  gram  gave  0'0600  gram  AgBr  =  15-56  per  cent.  Br. 

Calculating  this  bromine  as  parabromobenzeneazo-yS-naphthol,  the 
composition  of  the  mixture  is  accordingly — 

(p)Br-C6H4-N,-C,oH6-OHr3). . . .      63-6  L 
(p)N02-C6H,-N2-CioH6-OH(/3)  ..      36-39  (by  difference). 

If  each  had  been  present  in  molecular  proportion,  the  composition 
would  have  been — 

(p)Br-C6H,-N2-C,oH6-OH(/3)  52-74 

(^)N02-C6H4-N,-CioH6-OH(/^) ....      47-26 

From  this  result  it  would  appear  that  an  excess  of  parabrom.odiazo- 
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benzene  chloride  is  prodnced  in  this  decomposition.  We  shall,  how- 
ever, return  to  the  discussion  of  this  point  in  a  subsequent  part  of  the 
present  paper. 


II.  The  Triplet  from  Paranitraniline  and  Parabromaniline 

CONTAINING    EtHYL. 

1.  Action  of  Diazotised  Paranitraniline  on  Ethylparahrovianiline. — 
The  secondary  amine  was  prepared  by  heating-  bromaniline  with  the 
theoretical  quantities  of  ethyl  iodide  and  sodium  hydroxide  in  alco- 
holic solution  in  a  flask,  -with  reflux  condenser,  for  about  half  an  hour. 
The  alcohol  was  distilled  off,  the  oily  product  washed  with  water, 
dissolved  in  hydrochloric  acid,  and  converted  into  niti'osamine  by  the 
addition  of  sodium  nitrite.  When  purified  by  crystallisation  fi-om 
dilute  alcohol,  the  nitrosamine  forms  lustrous  ochreous  plates  melting 
at  63 — 64°.  The  secondary  amine  was  obtained  by  reducing  the 
nitrosamine  with  tin  and  hydrochloric  acid  in  the  usual  way.  The 
hydrochloride,  which  forms  dense  prismatic  crystals,  was  used  for  the 
preparation  of  the  diazoamido-compound.  On  mixing  the  solutions 
of  paranitrodiazobenzene  chloride  and  ethylbromaniline  hydrochloride, 
an  orange  resinous  substance  slowly  separates  out  on  the  addition  of 
sodium  acetate.  After  two  crystallisations  from  alcohol,  the  pure 
compound  was  obtained  in  the  form  of  glistening  orange  needles 
melting  at  139—140°. 

0"0624  gram  gave  8'4  c.c.  moist  N"  at  12"  C.  and  7&7'Q  mm.  bar. 
0-2688  „         0-1442  gram  AgBr. 

Calculated  for 
(jo)NO,-C6H4-No-N(C2H5)-C6H4Br(^).  Found. 

N 16-04  16-14 

Br 22-92  2282 

Decomposition  hy  Hydmchhric  Acid. — 0'3164  gram,  allowed  to  stand 
under  10  c.c.  strong  acid  for  about  four  hours  at  the  ordinary  tempe- 
rature, passed  completely  into  solution,  and  gave  0*2380  gram  azo- 
naphthol- compound,  corresponding  to  about  75  per  cent.  The  azo- 
napbthol,  after  one  crystallisation  from  glacial  acetic  acid,  had  the 
melting  point  of  paranitrobenzeneazo-/3-naphthol  (249°),  indicating 
the  normal  decomposition — 

(2j)NO,.-C6H4-N2-N(aH5)-C6H4-Br(p)  +  HCl  = 

(p)N02-C6H4-N2-Cl  +  (p)BrC6H4-NH-aH5. 

2.  Action  of  Diazotised  Parahromaniline  on  Ethylparanitraniline. — 
Precisely    the    same    difficulty   was    experienced   in  bringing   about 
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this  combination  as  in  the  case  of  the  correspondong  methyl-deriva- 
tive. No  combination  takes  place  in  aqueous  solutions,  and  the  ethyl 
nitraniline  was  dissolved  in  alcohol,  and  the  diazo-chloride  solution 
added  as  before.  The  orange  crystalline  precipitate,  which  forms 
under  these  conditions,  consists  chiefly  of  unaltered  ethj-lnitraniline, 
and  contains  only  a  small  quantity  of  the  diazoamide  sought  for. 
After  the  precipitate  had  been  collected  and  washed  with  water,  it 
was  dissolved  in  alcohol  and  allowed  to  crystallise,  this  operation 
being  repeated  till  the  melting  point  was  constant.  Analysis  at  this 
stage  showed  that  the  substance  was  still  slightly  impure  (found 
15-92  per  cent.  N  and  22-21  per  cent.  Br),  so  that  the  substance  was 
recrystallised  from  a  mixture  of  benzene  and  petroleum,  and  then 
formed  stumpy,  yellowish-orange  needles  melting  at  124 — 125°. 

0-1806  gram  gave  0*0978  gram  AgBr. 

Calculated  for 
(i9)BrC6H4-KyN(C2H5)-C6H4-N02(i5).  Found. 

Br 22-92  23-04 

Decomposition  by  Hydrochloric  Acid. — 0*2890  gram  in  9  c.c.  strong  acid 
for  two  hours  at  the  ordinary  temperature  left  0-0266  gram  unaltered 
substance,  and  gave  0-2420  gram  azonaphthol-compound,  corresponding 
to  92-22  per  cent.  Theory  requires  93-7  per  cent.  The  azonaphthol 
onoe  crystallised  from  glacial  acetic  acid  had  a  melting  point  of 
168 — 170°,  and  proved  to  be  parabromobenzeneazo-/3-naphthol,  indi- 
cating the  normal  decomposition — 

(p)Br-CfiH4-N.,-]Sr(aH5)-C6H4-NO,.(20  +  HCl  = 

(2>)Br-C6H,-N2-Cl  +  (2;)N02-C6H4-NH-aH5. 

3.  Ethylation  of  Faranitroparabromodiazoatnidohenzene. — Instead  of 
attempting  to  isolate  the  nitrobromodiazoamide  in  a  state  of  purity, 
the  crude  product  was  dried,  and  at  once  ethylated  in  the  usual  way. 
After  three  crystallisations  from  alcohol,  it  was  obtained  pui^e  in  the 
form  of  microscopic  orange  needles  melting-  somewhat  sharply  at 
115— IIG". 

0-1324  gram  gave  17-8  c.c.  moist  N  at  12°  C.  and  758-9  mm.  bar. 
0-1843  „  0-0987  gram  AgBr. 


N... 

Br    . 

Calculated  for 

16-04. 

22-92 

Found. 
15-93 
22-79 

Decomposition   by  Hydrochloric  Acid. — In  accordance  with  its  com- 
parative shai^pness  of  melting  point,  this  modification  was  found  to  be 
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somewhat  moi*e  stable  under  the  influence  of  the  acid.  0'3628  gram 
under  10  c.c.  of  strong  acid,  had  left  a  considerable  residue  after  four 
hours  at  ordinary  temperature,  so  the  contents  of  the  beaker  were 
heated  to  30°  for  a  few  minutes,  and  the  decomposition  then  taken  as 
complete.  The  residue  weighed  00170  gram,  and  the  azonaphthol 
0"3120  gram,  corresponding  to  90  22  per  cent..  The  latter  in  the 
crude  state  had  a  melting  point  ranging  from  153°  to  192°,  and  thus 
proved  to  be  a  mixture.  By  crystallisation  from  glacial  acetic  acid, 
paranitrobenzeneazo-/3-naphthol  (m.p.  249^)  was  isolated  and  identi- 
fied. If  the  decomposition  took  place  quantitatively,  according  to  the 
equation — 

2(2.)NO,-CeH,-N3(aH5)'aH4-Br(p)  +  2HC1  = 
(^)N0,-C6H,-No-Cl  +  Br-CeHi-Na-Cl  +  (_p)NO,-C6HrNH-C2H5  + 
(29)Br-CeH4-NH-aH5, 

100  parts  of  the  diazoamidc  should  yield  88'8  parts  of  the  mixed 
azonaphthols  containing  12"9  per  cent,  of  bi'omine.  Analysis  of  the 
mixed  azonaphthols  obtained  gave  the  following  results  : — 

0-2499  gram  gave  0-0871  gram  AgBr  =  1483  per  cent.  Br. 

This  corresponds  to  a  mixture  having  the  following  percentage 
composition : — 

(p)BvCeK,-l^,'C,oH.e'OE.((3) 60-62 

( p)N02-C6H4-N2-CioH6-OH(i3)    ....      39-38  (by  difference). 

Calculated  for  equal  molecules  the  result  is — 

(p)  Br-CeH^-N^-CinHe-OHOi) 52-74 

(^)N02-C6H4-No-C,oHe-OH(/i) 47  26 

In  this  case  also,  it  appears,  therefore,  that  an  excess  of  parabromo- 
diazobenzene  chloride  is  formed  on  decomposition. 

III.  The  Triplet  from  Metanitraniline  and  Parabromaniline 

CONTAINING   MeTHYL. 

1.  Action  of  Diazotised  Metanitraniline  on  Methylparabromaniline. — 
On  mixing  the  solutions  of  metanitrodiazobenzene  chloride  and  methyl- 
bromaniline  oxalate  dissolved  in  water  containing  enough  sodium 
acetate  to  decompose  the  liberated  hydrogen  chloride,  au  ochreous  crys- 
talline prfcvjipitate  at  once  begins  to  separate.  After  being  allowed 
to  stand  for  some  hours  in  the  cold,  the  precipitate  was  collected, 
washed  with  water,  and  purified  by  crystallisation  from  alcohol. 
After  four  crystallisations,  the  pure  compound  was  obtained  in  the 
form  of  small,  ochreous  needles  melting  sharply  at  144°. 

VOL.    LV.  2    H 
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O'OSOl  gram  gave  115  c.c.  moist  N  at  135°  C.  and  741'5  mm.  bar. 
0-09.54  „  13-4        „         „         10°         „        751-6 

01130  „  0-0641  gram  AgBr. 

Found. 

Calculated  for  , ^- ^ 

0;0NO,,-CfiH4-N.,-N(OH3)-C6H4-Br(p).  I.  II. 

N 16-72  16-50    16-62 

Br 23-88  24 14    — 

Decomposition  by  Hijclrochloric  Acid. — 0-2106  gram,  in  7  c.n.  strong 
acid  for  20  hours  at  tlie  ordinary  temperatui'e,  dissolved  with  the 
exception  of  0-02  gram  and  gave  0-1658  gram  azonaphthol.  The 
latter  when  crude  had  a  m.  p.  of  191 — 191*5°,  and  after  one  crystalli- 
sation from  glacial  acetic  acid  was  identified  as  metanitrobenzenazo- 
S-naphthol  (m.  p.  193 — 194°).  The  decomposition  by  acid  thus  takes 
place  normally  as  shown  in  the  equation — 

(7?0NO2-C6H4-N.,-N(CH3)-C6H4-Br(|j)  +  HCl  = 

(m)NOo-C6H,-N2-Cl  +  (j;)Br-C6H4-NH-CH3. 

The  yield  of  azonaphthol,  according  to  this  equation,  should  be 
87"4  per  cent.  The  quantity  obtained  corresponds  to  86-98  per 
cent. 

2.  Action  of  Diazotised  P arabromamline  on  Methyhnetaniir aniline. — 
The  methylnitraniline  was  dissolved  in  a  sufficient  quantity  of  dilute 
hydrochloric  acid  to  keep  it  in  solution  in  the  cold,  and  the  solution  of 
the  diazo-chloride  added  in  the  usual  way.  A  yellow  precipitate  at 
once  forms,  and  after  being  allowed  to  stand  for  some  hours  the 
substance  Avas  collected,  washed,  and  crystallised  from  alcohol.  Two 
crystallisations  sufficed  to  render  the  compound  pure  in  the  form  of 
long,  slender,  yellow  needles  melting  sharply  at  160-5 — 161°. 

00940  gram  gave  131  c.c.  N  at  11-5°  C.  at  766  mm.  bar. 
0-1489  „  0-0836  gram  AgBr. 

Calculated  for 
(i?)Br-C6H4-No-N(CH3)-C6H4-NOo(>w).       Found. 

N 16-72  16-71 

Br 23-88  23-89 

Decompodtion  by  Uydrocliloric  Acid. — 0-3411  gram,  under  10  c.c. 
strong  acid  at  the  ordinary  temperature  for  18  hours,  dissolved  with 
the  exception  of  0*0036  gram,  and  gave  0-3358  gram  azonaphthol, 
corresponding  to  995  per  cent.  The  theoretical  yield  is  97-6  per 
cent.  The  azonaphthol  when  crude  had  a  m.  p.  of  167 — 170-5°,  and 
was  identified,  after  crystallisation,  as  pure  parabromobenzeneazo-y3- 
naphthol. 
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This  diazoamide  is  therefore  decomposed  normally  by  the  acid — 

(p)Br-C6H,-N,-N(CH:,)-C6Hi-NO,(m)  +  HCl  = 

(p)Br-aHi-N2-Cl  +  (m)N02-CeHi-NH-CH;,. 

3.  Methylation  of  Metanitroparabromodiazoamidobenzene. — The  com- 
pound for  methylation  was  prepared  by  allowing  a  solution  of  meta- 
iiitrodiazobenzene  chloride  to  drop  with  constant  stirring  into  an 
emulsion  of  bromaniline  in  sodium  acetate  solution.  The  product, 
after  being  collected,  washed,  and  dried,  was  methylated  by  heating 
with  potassium  hydroxide  and  methyl  iodide  in  the  usual  way.  The 
reaction  sets  in  at  once,  and  the  mixture  solidified  to  a  pulp  of  crystals 
in  a  few  minutes  ;  the  methylation  was  completed  by  cohobating  for 
half  an  hour.  The  product  was  collected,  washed  with  water,  and 
twice  crystallised  from  alcohol.  It  then  forms  slender,  yellow  needles 
melting  vaguely  from  125 — 137'5°. 

O'lOOl  gram  gave  14'1  c.c.  moist  N  at  14°  C.  and  758  mm.  bar. 
0-1678  „  0-0942  gram  AgBr. 

Calculated  for 
(;«)NO.,-CGH4-N3(UH3)-C6H4-Br(i?).  Found. 

N 16-72  16-54 

Br 23-88  23-89 

Decomposition  by  Hydrochloric  Acid. — 0'2664  gram,  under  10  c.c. 
strong  acid  for  six  hours,  dissolved  completely  at  ordinaiy  atmospheric 
temperature,  and  gave  0-2438  gram  azonaphthol,  corresponding  to 
91-5  per  cent.  The  azonaphthol  proved,  as  was  anticipated,  to  be  a 
mixture  indicating  the  decomposition  to  be — 

2(m)N'02-C6H4-N3(CH3)-C6H,-Br(j9)  -t-  2HC1  = 
(m)N02-C6H,-N,-Cl  +  (p)Br-C6Hi-N2-Cl  -|-  (p)Br-aH,-NH-CH3 
+  (m)N02-C6H,-NH'CH3. 

According  to  this  equation,  a  yield  of  92-5  per  cent,  of  the  mixed 
azonaphthols  containing  12'9  per  cent,  of  Br  should  have  been 
obtained.     Our  mixed  product  gave  the  following  result : — 

0-2048  gram  gave  0-0692  gram  AgBr  =  1437  per  cent.  Br. 
This  corresponds  to — 

(_p)Br-C6HrN-2-CioH6-OH(/3) 58-79 

()H)NOo-C6H4-:N"2-CioH6-OH(y3)   .  . .      41-21  (by  difference). 

Calculated  for  equal  molecules  : — 

(p)Br-C6H4-N2-CinH,-OH(/3) 52-74 

(m)N  02-C6H4-X,-CioH6-OH(/3) 47-26 

2  H  2 
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IV.  The  Triplet  from  Metanttraniline  and  Parabromanilink 

CONTAINING   EtHYL. 

1.  AcHon  of  Diazotised  Metanitraniline  on  Ethylparahromaniline. — 
Metanitraniline  was  diazotised  in  tlie  usual  way,  and  the  solution 
mixed  with  a  solution  containing  the  necessary  quantity  of  ethyl- 
bromaniline  hydrochloride.  An  ochreous  viscid  resin  separated,  and 
this  on  standing  solidified  to  a  brittle  mass  which  was  dissolved  iu 
alcohol  and  allowed  to  crystallise.  After  two  crystallisations,  the 
compound  was  obtained  pure  in  the  form  of  flat,  ochreous  bundles  of 
needles  nearly  an  inch  in  length  and  having  a  sharp  melting  point  of 
111°. 

0-1054  gram  gave  14-5  c.c.  moist  N  at  10°  C.  and  744  mm.  bar. 
0-2201  „  0-1171  gram  AgBr. 

Calculated  for 
(w)N02-C6H4-N.,-N(C2H5)-QH4-Br(p).      Found. 

N ; 1604  16-11 

Br 22-92  22-64 

Decomposition  hy  Hydrochloric  Acid. — 0-3034  gram  under  10  c.c. 
strong  acid  dissolved  in  three  hours  at  the  ordinary  temperature, 
leaving  0-0125  gram  residue,  and  gave  0-2354  gram  azonaphthol,  cor- 
responding to  83-8  per  cent.  The  azonaphthol  was  identified  as  pure 
raetanitrobenzeneazo-/5-naphthol  (m.  p.  194°),  showing  that  the 
decomposition  by  acid  takes  place  normally  according  to  the 
equation — 

(m)N02-C6H4-N2-N(C2H5)-C6H4-Br(p)  4-  HCl  = 

(m)N03-C6H4-N2-Cl  +  (_p)Br-C6HrNH'C2H5. 

The  above  equation  requires  a  yield  of  83-9  per  cent,  of  meta- 
nitrobenzeneazo-/S-naphthol,  so  that  the  resolution  is  strictly  quan- 
titative. 

2.  Action  of  Diazotised  Parahromaniline  on  Dtliylmetanitraniline. — 
The  solution  of  the  diazo-chloride  was  mixed  with  the  solution  of 
ethylnitraniline  in  dilute  hydrochloric  acid  and  sodium  acetate  added 
to  the  mixture.  An  ochreous  precipitate  slowly  separated,  and  after 
being  allowed  to  stand  in  the  cold  for  18  hours  this  was  collected, 
washed  with  water,  and  crystallised  from  alcohol.  After  three  crys- 
tallisations, the  pure  substance  was  obtained  in  the  form  of  glistening, 
yellow  needles  melting  at  135 — 136°. 

0  1605  gram  gave  20-9  c.c.  moist  N  at  8°  C.  and  704-4  mm.  bar. 
0-2231  „  0-1207  gram  AgBr. 
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Calculated  for 

ip)BT-C^-H,-S^-iiiC,H,)-C\H,-1^0.:{m).  Found. 

N 16-04.  15-94 

Br 22-9'2  23-02 

Decomposition  by  Hydrochloric  Acid. — 0-3040  gram,  under  10  c.c.  of 
strong  acid  for  18  hours  at  the  ordinary  temperature,  dissolved  witli 
the  exception  of  O'OO  10  gram,  and  gave  0-2804  gram  azonaphthol,  corre- 
sponding to  92-74  per  cent.  The  latter  had,  when  crude,  a  melting 
point  of  168 — 171°,  and  was  identified  as  parabromobeiizeneazo-/i- 
naphthol.  The  decomposition  therefore  takes  place  normally,  accord- 
ing to  the  equation — 

(p)Br-C6H4-N2-N(C2H5)-C6H,-NO,(m)  +  HCl  = 

(2^)Br-C6H,-X2-Cl  +  (hONO/CsH.-NH-C^H,. 

According  to  the  foregoing  equation,  the  yield  of  azonaphthol 
should  have  been  93-7  per  cent.,  so  that  the  resolution  by  acid  is 
practically  quantitative. 

3.  Ethylation  of  21<danitroparahromodiazoamidohenzene. — The  sub- 
stance used  for  ethylation  was  a  portion  of  the  same  preparation  as 
that  employed  for  methylation,  the  process  being  carried  out  in  the 
usual  way  with  potassium  hydroxide  and  ethyl  iodide.  After  one 
crystallisation  from  alcohol,  the  substance  was  obtained  in  the  form 
of  microscopic  ochreous  needles  melting  at  96 — 117°. 

0*1290  gram  gave  17  c.c.  moist  I!^  at  11-5°  C.  and  764-6  mm.  bar. 
0-lo91  „  0-0860  gram  AgBr. 

Calculated  for 
(m)-N0i-CeB.,-^3iC.E,)CsB.^-Br(p).  Found. 

N 16  04  15-78 

Br 22-92  23-00 

In  order  to  test  the  individuality  of  this  compound,  it  was  again 
crystallised  from  a  large  volume  of  alcohol  and  the  bromine 
determined.  The  melting  point,  so  far  as  could  be  judged,  consider- 
ing its  vagueness,  had  not  materially  altered : — 

0-1587  gram  gave  0-0850  gram  AgBr. 

Calculated.  Found. 

Br 22-92  22-79 

Decomposition  by  Hydrochloric  Acid. — 0*2899  gram  under  10  c.c. 
strong  acid  dissolved  at  the  ordinary  temperature  in  2 — 3  hours,  with 
the  exception  of  0*0038  gram,  and  gave  0*2600  gram  azonaphthol, 
corresponding  to  90*87  per  cent. 
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The  azonaphtliol  when  crude  had  a  melting  point  145 — 155°  and, 
as  usual,  proved  to  be  a  mixture  : — 

0-2234  gram  gave  0-0792  gram  AgBr  =  15-08  per  cent.  Br. 

The  decomposition  by  acid,  according  to  the  following  equation, 
requires  a  yield  of  88-8  per  cent,  of  mixed  azonaphthols  : — 

2(m)NO,-CeH,-N3(CH3)-C6H,-Br(p)  +  2HC1  = 

(j»,)N02-C6H,-No-Cl  +  (jOBrCeH^-Na-Cl  + 
(wONOa-CeHi-NH-CoHs  +  ( p)Br-C6H4-NH-C2H5. 

The  mixed  azonaphthols,  if  present  in  equal  molecules,  should 
contain  12-9  per  cent.  Br. 

Calculated  for  equal  molecules — 

(m)N02-C6H,-No-C,oH6-OH(/3). .  . .      52-74 
(^)Br-CeH,-T^vCioH6-OH(/3) 47-26 

Found — 

(7u)N02-C6H4-N2-C,oH6-OH(/3). . . .      38-35  (by  difference). 
(p)Br-C6H4-N2-CxoH6-OH(^) 61-65 

In  this  decomposition,  it  would  appear  therefore  that  an  excess  of 
parabromodiazobenzene  chloride  is  pi-oduced.  The  significance  of 
these  quantitative  decompositions  will  be  discussed  subsequently. 

The  compounds  now  described  all  contain  the  NOi  group  in  one  of 
the  aromatic  nuclei,  and  our  next  experiments  were  directed  towards 
the  preparation  of  triplets  of  isomerides  not  containing  this  group. 
Our  study  of  the  dinitro-  and  nitro-bromodiazoamides  revealed  some 
general  principles  which  have  been  made  the  basis  of  further  work, 
and  which  have  enabled  us  to  achieve  the  long  desired  end  of  obtain- 
ing triplets  of  alkyl-derivatives  not  containing  the  group  in  question, 
and  solid  at  ordinary  temperatures  (see  Trans.,  1888,  665).  It 
will  be  seen  from  the  foregoing  results  that  the  effect  of  introducing 
an  alkyl  radicle  into  a  diazoamide  is  to  lower  the  melting  point,  and 
in  all  the  cases  studied  the  methyl -derivative  had  a  considerably 
higher  melting  point  than  the  ethyl-derivative.  These  facts  are 
shown  in  the  accompanying  table  (p.  431),  summarising  our  results 
with  the  nitranilines  and  bromaniline. 

It  will  be  seen  from  these  results  that  in  order  to  obtain  alkyl- 
diazoamides  solid  at  ordinary  temperatures,  it  is  in  the  first  place 
essential  to  start  from  an  nnalkylated  compound  having  a  high 
melting  point,  and  in  the  next  place  it  is  evident  that  the  chances  of 
the  alkyl-derivative  fulfilling  the  required  conditions  are  greater  the 
lower    the  molecular  weight  of  the  radicle  introduced.      It   is    the 
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Diazoamido-compound. 

Unalkylated 
compound. 

Metbjl-deriva- 
tivo. 

Ethyl - 
derivative. . 

I.  Fromy^-nitraniline  and;j-brom- 

175—181" 

150-5 — 151  -5° 

115—116° 

11.  Diazotised     ja-nitraniline     on 
alkyI-j3-bromaniline    

—                151—151  -5' 

139—140 

III.  Diazotised   ^-bromaniline   on 
alkyl-^-nitrauiline 

— 

163—164° 

124—125 

I.  From    wi-nitraniline    and    jo- 

155°*              125— 137- 5'^ 

96—117 

II.  Diazotised     ??!-nitraniline     on 
alkyl-jo-bromaniline 

1 
—                       1U° 

iir 

III.  Diazotised    ^-bronianiline    on 
alkyl-OT-nitraniline 

— 

160-5—161° 

135—136° 

nou-coniplianf-e  with  tbose  conditions  which  has  led  pi^evious  exjDeri- 
menters  to  the  preparation  of  alkyl-diazoamides  which  have  been  oily 
at  ordinary  temperatures,  and  which  have  therefore  baffled  close 
investigation.  It  will  be  of  interest  here  to  give  one  of  our  earlier 
attempts  to  prepare  a  triplet  having  the  required  properties. 

The  mixed  diazoamide  produced  by  acting  with  diazotised  para- 
chloraniline  on  paratoluidine,  or  vice  versa,  has  a  melting  point  of 
129°  (Henraann  and  Oeconomides,  Ber.,  1887,  909),  and  therefore 
seemed  a  promising  compound  for  our  purpose.  Some  of  the  substance 
was  prepared  and  eth3dated,  and  the  product  found  to  be  an  oil  which 
would  not  solidify.  The  oil  was  therefore  decomposed  by  cold  hydro- 
chloiic  acid  in  the  usual  way,  and  the  acid  solution  gradually  poured 
into  a  Avell-cooled  alkaline  solution  of  y3-naphthol.  The  azouaphthol 
precipitate  was  collected,  washed  with  alkali,  acid,  and  water  succ(.'s- 
sively,  and  dried.  The  melting  point  of  the  crude  substance  was 
145 — 152°,  and  after  four  crystallisations  from  alcohol,  pure  para- 
chlorobenzeneazo-/i-naphthol  (m.  p.  162-5°,  Trans.,  1888,  676)  was 
isolated  from  it.  The  oil  was  thus  proved  to  be  the  ethyl-derivative 
(p)Cl*C6H4'N3(C2H3)-C6H4*CH3(^),  and  its  products  of  decomposition 
the  usual  mixture  of  diazo-chlorides  and  bases.  Another  isomeride 
was  then  prepared  by  acting  with  diazotised  paratoluidine  on  ethyl- 
parachloraniline,  and  this  also  proved  to  be  an  oil. 

The  introduction  of  ethyl  into  the  diazoamide  from  parachloraniline 

*  This  is  the  melting  point  given  by  Goldschmidt  for  the  substance  crystallised 
from  benzene  {Ber.,  1888,  2575). 
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and  paratoluidine  therefore  depresses  tlie  melting  point  to  such  an 
extent,  that  the  product  is  oily  at  ordinary  temperatures,  and  as  two 
of  the  three  isomerides  were  thus  shown  to  be  oils,  the  triplet  was 
not  further  investigated.  The  corresponding  series  containing  methyl 
will  be  described  subsequently. 

V.    The    Triplet   from    Parabromaniltne    and    Paratoluidine    con- 
taining Methyl. 

1.  Action  of  Diazotised  Parabromaniline  on  Methylparatoluidine* — 
The  secondary  amine  was  employed  in  the  form  of  the  oxalate  and 
the  diazo-chloride  solution  mixed  in  as  usual.  On  adding  sodium 
acetate,  an  ochreous  precipitate  gradually  separated,  and  after  standing 
for  about  24  hours  this  was  collected,  washed  with  cold  water,  and 
twice  crystallised  from  alcohol.  The  pure  substance  forms  small 
ochreous  scales  melting  at  113 — 114.° 

0'1853  gram  gave  22  c.c.  moist  N  at  15°  C.  and  76Q-3  mm.  bar. 
0-3056  „  ■       0-1880  gram  AgBr. 

Calculated  for 
(jo)Br-C6H4-N2-N(CH3)-C6HvCH3(p).  Found. 

N 13-81  13-91 

Br 26-31  26- 18 

Decomiwsition  by  Eydrocliloric  Acid. — This  compound  is  very  readily 
decomposed  by  cold  strong  acid,  dissolving  completely  in  the  course 
of  a  few  minutes,  and  beginning  to  evolve  nitrogen  if  allowed  to 
stand  long  after  it  has  completely  dissolved.  The  quantitative  results 
with  strong  acid  always  came  out  much  too  low,  owing  to  the  reaction 
going  too  far  and  the  consequent  formation  of  phenolic  products. 
The  decomposition  of  this  and  of  the  isomeric  compounds  was  there- 
fore effected  by  means  of  a  mixture  consisting  of  5  parts  (by  volume) 
of  strong  acid  diluted  with  3  parts  of  water.  0-3258  gram  in  about 
8  c.c.  of  dilute  acid  dissolved  completely  in  about  one  hour  and  gave 
0-3278  gram  azonaphthol,  corresponding  to  100-6  per  cent.  The  cal- 
culated yield  is  107-5  per  cent.  The  azonaphthol  had  when  crude  a 
melting  point  of  168°,  which  was  not  materially  changed  by  crystal- 
lisation from  alcohol,  and  was  identified  as  parabromobenzeneazo-^- 
naphthol. 

0-0844  gi'am  crude  substance  gave  0-0478  gram  AgBr. 

Calculated  for 
Br-CfiH^-NoCioHg-OH.  Found. 

Br 24-46  24-10 

*  We  are  indebted  to  Dr.  A.  Weinberg  of  the  Frankfurter  Auilinfarbenfabrife, 
Gang  and  Co.,  for  kindly  preparing  a  supply  of  the  pure  base  for  our  investigation. 
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The  decomposition  accoi-dingly  takes  place  normally  in  accordance 
with  the  equation — 

(p)Br-C6H,-N,-N(CH3)-Cen,-CH3(;))  +  HCl  = 

(iy)Br-C6Hi-:N^,-Cl  +  (i;)CJiv-NH-CH3. 

2.  Action  of  Diazotised  Paratoluidine  on  Methylparahromaniline. — 
The  solution  of  paradiazotoluene  chloride  was  mixed  with  the  neces- 
sary quantity  of  methylparahromaniline  oxalate  dissolved  in  cold 
water,  and  sodium  acetate  dissolved  in  the  mixed  solutions.  After 
being  allowed  to  stand  for  12  hoars,  the  ochreous  precipitate  was 
collected,  washed  with  cold  water,  and  twice  crystallised  from 
alcohol.  The  pure  substance  forms  splendid  crystalline  scales  of  con- 
siderable size,  which  glisten  in  the  solution  with  prismatic  colours. 
Under  the  microscope,  the  alcoholic  solution  when  allowed  to  evapo- 
rate in  a  watch-glass  is  seen  to  deposit  square  transparent  tablets. 
The  appearance  of  the  dry  substance  is  very  similar  to  that  of  sub- 
limed naphthalene,  only  the  crystals  instead  of  being  white  are  slightly 
ochreous  in  colour.     The  melting  point  is  99 — 995°. 

0"2510  gram  gave  30  c.c.  moist  N  at  15°  C.  and  758"5  mm.  bar. 
0-1719  „         0-1072  gram  AgBr. 

Calculated  for 

(j9)C-H;.N2-^(CH3)-C6H4-Br(p).  Found. 

N 13-81  13-94 

Br 26-31  26-54 

Decomposition  by  Hydrochloric  Acid. — 0-3202  gram  dissolved  com- 
pletely in  8  c.c.  dilute  acid  (5  :  3)  in  one  hour  at  the  ordinary  tempe- 
rature, and  gave  0  2692  gram  azonaphthol,  corresponding  to  84-1  per 
cent.  The  calculated  yield  is  86-2  per  cent.  The  azonaphthol  was 
tested  for  bromine,  and  found  to  contain  none ;  the  melting  point  of 
the  crude  substance  was  132 — 133°,  and  after  one  crystallisation  from 
alcohol  134°,  that  is,  paratolueneazo-/3-naphthol.  The  decomposition 
is  therefore  normal :  — 

(p)C-H,-No-N(CH3)-C6H4-Br(j9)  +  HCl  = 

(p)C,H-N,-Cl  +  (p)Br-C6H,-NH-CH3. 

3.  Methylation  of  Parahromobenzenediazoamidoparatoluene. — The 
diazoamide  was  prepared  by  gradually  mixing  a  solution  of  diazotised 
paratoluidine  with  the  necessary  quantity  of  parabromaniline  emul- 
sified in  a  solution  of  sodium  acetate.  After  being  allowed  to  staud 
for  some  houi's,  the  ochreous  precipitate  was  collected,  washed  with 
cold  water,  then  with  dilute  alcohol,  and  allowed  to  dry  in  the  air. 
During  the  course  of  our  experiments,  a  description  of  this  mixed 
diazoamide  appeared  from  another  investigator   (Goldschmidt,  Ber., 
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1888,  25G8,  m.  p.,  crystallised  from  benzene,  126"),  so  the  compound 
was  not  further  studied,  but  was  at  once  methylated  in  the  usual 
way.  The  methyl-derivative,  after  three  crystallisations  from  alcohol, 
the  last  with  the  addition  of  animal  charcoal,  was  obtained  in  the 
form  of  large  ochreous  scales,  exactly  resembling  the  preceding 
isomeride  in  appearance,  and  melting  at  97 — 97"5.° 

0'2206  gram  gave  254  c.c.  moist  N  at  13°  C.  and  765  mm.  bar. 

0-1560  "        „         0-0973  gram  AgBr. 

Calculated  for 
(p)Br-C6H4-N3(CH3)-C;H;(j9).  Found. 

N 13  81  13-69 

Br 26-31  26-54 

Decomposition  of  Hydrochloric  Acid. — The  close  resemblance,  both 
in  crystalline  form  and  melting  point,  between  this  and  the  preceding 
modification,  led  ns  at  first  to  believe  that  the  two  compounds  were 
identical,  and  that  the  isomerism  had  in  this  case  broken  down.  A 
study  of  the  decomposition  by  hydrochloric  acid,  however,  soon 
showed  that  the  compounds,  in  spite  of  their  similarity,  were  really 
isomeric.  A  specimen  was  decomposed  by  dilute  acid  in  the  usual 
way,  and  the  azonaphthol  submitted  to  a  careful  examination. 

0-2558  gram  gave  0-0783  gram  AgBr  =  1302  per  cent.  Br. 

The  decomposition  was  not  made  quantitative  in  this  case,  owing 
to  the  small  quantity  of  material  at  our  disposal,  but  this  is  of  no 
consequence  to  the  present  result.  The  azonaphthol  was  evidently  a 
mixture  melting  when  crude  at  138 — 150°,  and  furnishing  after  three 
crystallisations  from  alcohol  pure  parabromobenzeneazo-/3-naphthol 
(m.  p.  168 — 170°.)  The  decomposition  of  the  methylated  diazoamide 
accordingly  takes  place  as  follows  : — 

2(p)Br'CeU,-K,(CB.,)-C^B.,(2^)  +  2HC1  =  (p)BrC6H,-N2-C]  + 

(p)C,H,-N2-Cl  +  (p)Br-C6Hi-NH-CH3  +  (23)C,H/NH-CH3. 

According  to  this  equation,  the  azonaphthol  should  consist  of  mole- 
cular, proportions  of  parabromobenzeneazo-/i-naphthol  and  para- 
tolueneazo-jS-naphthol,  this  mixture  containing  13-6  per  cent,  of  Br 
(13-02  per  cent,  found),  and  having  the  following  percentage  com- 
position : — 

(p)Br-aH4-N,-CK,H6-OH(^) 55-5 

(p)CH3-C6H,-N./C,oH,-OH(^)    44-5 

The  percentage  of  bromine  found  corresponds  to  a  mixture  of  the 
composition — 

(p)Br-aH4-No-C,oH6-OH(/3) 53-2 

(p)CH3-C6Hi-N,-CioH6-OH(/3)    ....      468  (by  difference). 
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It  is  seen  from  this  result  that  the  decomposition  fairly  coi-responds 
with  the  formation  of  equal  molecules  of  the  two  diazo-chlorides  as 
required  by  the  equation.  It  is  of  particular  interest  also  to  note  how 
easily  the  isomerism  might  have  been  overlooked  in  this  case,  unless 
we  had  been  previously  prepared  to  look  for  it  by  the  investioration 
of  the  nitrobromodiazoamides. 


Paradihromodiazoamidohenzene  and  its  Methyl-derivati oe. 

Amongst  the  normal  diazoamides  prepared  in  the  course  of  the 
present  investigation,  the  above,  which  was  first  described  by  Griess 
{Annalen,  121,  273,  and  Phil.  Trans.,  1864,  Part  III,  6G1)),  was 
methylated  in  order  to  obtain  a  supply  of  methylbromaniline,  and  the 
opportunity  was  utilised  for  the  further  study  of  this  alkyl-derivative. 
The  original  compound  was  found  to  agree  in  all  respects  with,  that 
prepared  by  Griess.  A  specimen  crystallised  from  a  mixture  of 
petroleum  and  benzene  foi-med  pale-yollow  needles,  melting  with 
decomposition  at  146°.  It  is  insoluble  in  aqueous  alkalis,  but 
dissolves  readily  in  alcoholic  potash  or  sjda,  with  a  brown  colour. 

0"1670  gram  gave  01774  gram  AgBr. 

Calculated  for 
(;j)Br-C6H4-N3H-C6H4-Br(p).  Found. 

Br 45-07  45-20 

The  methyl-derivative,  prepared  in  the  usual  way,  after  crystalli- 
sation from  alcohol  and  finally  from  a  mixture  of  petroleum  and 
benzene,  forms  flat,  whitish  needles,  melting  at  100 — 100'5°. 

0-1482  gram  gave  0-1512  gram  AgBr. 

Calculated  for 
{p)^vC,B.,-ls^{CB..,)-C,-Q,-Bv{p).  Found.        ^ 

Br 43-36  43-41 

The  foregoing  methyl-derivative  was  decomposed  by  heating  with 
strong  hydrochloric  acid  until  nitrogen  ceased  to  be  given  off.  The 
acid  liquor  on  dilution  and  distillation  with  a  current  of  steam  furnished 
a  white,  crystalline  substance  which,  after  crystallisation  from  alcohol, 
formed  white  scales  melting  at  ^>7 — 68°,  and  therefore  proved  to  be 
parachlorobromobenzene  (Korner,  Gaz.,  4  (1874),  342).  The  solu- 
tion, after  filtration  to  remove  a  resinous  impurity,  contained  the 
required  methj'lparabromaniline,  so  that  the  methyldiazoamide  is 
decomposed  by  hot  acid  according  to  the  equation — 

(p)Br-C6H4-N3(CH3)-C6H4-Br(p)  -f  HCl  = 

(iOBr-CeHrCKj^)  +  N2  +  (2;)Br-C6H,-NH-CH3. 
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VI.  The  Triplet  from   Parachloraniline   and   Paratoluidine  con- 
taining Methyl. 

1.  Action  of  Diazotisecl  Farachloraniline  on  Methylparatoluidine. — 
The  solution  of  the  diazo-chloride  was  mixed  with  the  solution  of  the 
oxalate  of  the  secondary  amine  and  sodium  acetate  added.  An  ochreous 
crystalline  precipitate  separated  on  standing,  and  this,  after  being 
collected,  washed  with  water,  and  crystallised  thi-ee  or  four  times 
from  alcohol,  was  obtained  in  the  form  of  ochreous  scales  melting  at 
99-5—100°. 

01 387  gram  gave  19'3  c.c.  moist  N"  at  15°  C.  and  764"4  mm.  bar. 
0-1569  „         0-0886  gram  AgGl. 

Calculated  for 
(p)Cl-C6H4-N2N(CH3)-C;H;(i)).  Found. 

N 16-19  16-89 

CI 13-68  13-96 

Becomposiiion  by  Hydrochloric  Acid. — 0-3056  gram,  allowed  to  stand 
for  10  minutes  under  8  c.c.  dilute  acid  (2  parts  strong  acid  to  1  of 
water),  dissolved  completely  at  the  ordinary  temperature,  and  gave  on 
precipitation  0-3250  gram  azonaphthol. 

The  latter  had,  when  crude,  a  melting  point  of  161°,  and  after  one 
crystallisation  from  alcohol  was  identified  as  parachlorobenzeneazo- 
/i-naphthol  (m.  p.  162-5°,  Trans.,  1888,  676).  The  quantity  of 
azonaphthol  obtained  corresponds  to  106-3  per  cent.  The  decompo- 
sition therefore  takes  place  normally,  according  to  the  equation — 

(p)Cl-C6H,-N2-N(CH3)-C,H,(^)  -f  HCl  = 

(p)Cl-C6H4-N,-Cl  +  (jj)C,H,-N'H-CH3. 

The  above  equation  requires  a  yield  of  108-8  per  cent,  of  para- 
clilorobenzeneazo-/3-naphthol. 

2.  Action  of  Diazotised  Paratohddine  on  Methylparachloraniline.* — 
On  mixing  the  solutions  in  the  usual  way  and  adding  excess  of 
sodium  acetate,  an  ochreous  precipitate  slowly  separated.  After  being 
collected,  washed,  and  crystallised  two  or  three  times  from  alcoLol, 
the  pure  compound  was  obtained  in  the  form  of  long  straw-coloured 
needles  melting  at  91 — 92°. 

0-1110  gram  gave  15-3  c.c.  moist  N  at  145°  C.  and  758-4  mm.  bar. 
0-12-:)4  „  00705  gram  AgCl. 

*  Prepared  by  decomposing  methylated  ^-dichlorodiazoamidobenzene  with  hydro- 
chloric acid.  The  metliyl-diazoamide  forms  ochreous  scales,  melting  at  74°.  The 
corresponding  ethyl-derivatire  melts  at  85-5"  (Trans.,  1888,  671), 
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.Calculated  for 
(p)C.B:f'N„-ii{Cll:^)-t\UrC\{p).  Found. 

N 1619  IG13 

CI 13-68  13-88 

Decomposition  by  HydrocMoric  Acid. — 0-3205  gram  under  8  c.c. 
dilute  acid  (2  parts  strong  acid  to  1  of  water)  dissolved  completely  in 
10  minutes,  and  gave  on  precipitation  0-3170  gram  azonaplithol, 
corresponding  to  98-9  per  cent.  The  latter  had,  when  crude,  a  melt- 
ing point  of  133°,  and  after  crystallisation  from  alcohol  was  identified 
as  paratolueueazo-/3-naphtliol  (m.  p.  13-4-5°).  The  decomposition  is 
therefore  normal  : — 

(/;C7H-N,-N(CH3)-C6Hi-Clfp)  +  HCl  = 

(p)CvH;-N,-Cl  +  (p)Cl-C6H4-NH-CH3. 

According  to  this  equation,  the  yield  of  paratolueneazo-/3-naplith.ol 
sbonld  have  been  100-9G  per  cent. 

3.  Mefhylaficn  of  Parachlorohezeuediazoamidoparatolaejie. — The 
usual  diflBculties  were  experienced,  and  several  preparations  of  the 
mixed  diazoamide  were  made  before  a  pei'fectly  pure  methyl-deriva- 
tive was  obtained.  Good  results  were  given  by  a  preparation  made 
by  pouring  a  solution  of  diazotised  parachloraniline  (1  mol.)  into  an 
alcoholic  solution  of  paratoluidine  (2  mols.).  The  product,  which 
separates  as  an  ochreous  crystalline  deposit,  was  collected,  drained, 
and  dried,  and  then  at  once  methylated  by  heating  gently  with 
potassium  hydroxide  and  methyl  iodide  in  alcoholic  solution  in  the 
usual  way.  Methylation  takes  place  very  readily  if  the  solution  is 
concentrated,  the  contents  of  the  fla.sk  solidifying"  in  a  few  minutes 
to  a  crystalline  pulp.  The  product,  after  being  collected  and  washed 
with  water,  was  purified  by  two  or  three  crystallisations  from  alcohol, 
and  then  formed  large  ochreous  scales  melting  at  80 — 82^ 

0-1397  gram  gave  19-3  c.c.  moist  N  at  13-5°  and  7582  mm.  bar. 
0-2008  „  01093  gram  AgCl. 

Calculated  for 

(ij)Cl-C6H,-N3(CH3)  -CjHjCp).  Found. 

N" 16-19  16-24 

CI 13-68  13-47 

Another  preparation  was  made  by  reversing  the  order  of  mixing. 
Paratoluidine  was  diazotised  in  the  usual  way,  and  a  small  excess  of 
the  base  added  in  order  to  ensure  the  absence  of  any  trace  of  free 
nitrous  acid.  The  solution  of  the  diazo-chloride  was  then  gradually 
poured  with  constant  stirring  into  the  necessary  quantity  of  para- 
chloraniline suspended  as  an  emulsion  in  a  solution  of  sodium  acetate. 
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After  being  allowed  to  stand  for  some  hours  in  the  cold,  the  product 
"was  collected,  washed,  drained,  and  dried,  and  methylated  in  the 
usual  -way.  The  methyl-derivative  after  two  crystallisations  from 
alcohol  proved  to  be  quite  pure  and  was  identical  in  all  respects  with 
the  preceding  preparation,  thus  furnishing  another  instance  in  support 
of  Griess's  discovery  that  mixed  diazoamides  are  identical  in  which- 
ever order  the  two  amines  are  diazotised  and  combined.  The  analysis 
of  this  preparation  is  given  below  : — 

0"1270  gram  gave  18'4  c.c.  moist  N  at  20"5°  and  760  mm.  bar. 
0-1695  „          0-0928  gram  AgCl. 

Calculated.  Found. 

N 16-19  16-43 

CI 13-68  13-54 

Decomposition  by  Hydrochloric  Acid. — 0-2983  gram  in  10  c.c.  dilute 
acid  (2  of  strong  acid  to  1  of  water)  dissolved  completely  in  15 
minutes,  and  gave  on.  precipitation  0-320  gram  azonaphthol,  corre- 
sponding to  107-3  per  cent.  Theory  (for  molecular  proportions)  re- 
quires 104-9  per  cent.  The  azonaphthol  proved  as  usual  to  be  a  mixture 
having  in  the  crude  state  a  melting  point  135—145°. 

0-2666  gram  gave  0-0787  gram  AgCl  =  7-30  per  cent.  CI. 

The  amount  of  chlorine  found  corresponds  to  a  mixture  of  the 
following  percentage  composition  : — 

(p)  Cl-C6H,-N2-CioH6-OH(/3) 5809 

(p)CH3-C6Hi-N3-CioH6-OH(/3) ....     41-91  (by  difference). 

Calculated  for  equal  molecules  the  results  are  :  — 

(p)Cl-C6H,-N"2-C,,He-OH(/3) 51-88 

(p)CH3-C6H4-N2-C,oH6-OH(/3) ....      4812 

A  mixture  of  the  above  composition  contains  6*52  per  cent,  of  CI. 

Discussion  of  the  Residts  obtained  hy  the  Method  of  Quantitative 
Decomposition. 

By  the  action  of  hydrochloric  acid  on  the  diazoamides,  these  com- 
pounds are  decomposed  in  the  first  place  with  the  formation  of  the 
diazo-chloride  and  the  amine  or  alkjlamine,  in  accordance  with  the 
reactions  given  in  the  preceding  portion  of  the  paper.  The  quantita- 
tive results  obtained  by  weighing  the  washed  and  dried  azonaphthol 
compound,  are  on  the  whole  sufficiently  close  approximations  to  the 
numbers  indicated  by  theory  to  warrant  the  conclusion  that  the  mole- 
cules break  up  in  the  manner  indicated.     In  the  case  of  the  mixed 
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diazoatnides,  however,  wliich,  in  all  the  cases  investigated,  give  a 
mixture  of  two  diazo-chloridcs  and  two  amines,  it  is  obviously  a 
matter  of  great  importance  to  ascertain  the  relative  quantities  of  the 
two  diazo-chlorides  with  the  greatest  possible  accuracy,  in  order  to 
settle  the  question  whether  one  molecule  of  the  mixed  diazoamide 
breaks  up  exactly  into  the  4  mols.,  as  represented  in  the  equation — 

2X-N3R'-Y  +  2HC1  =  X-N,-C1  +  Y-X,-C1  +  X-NHR'  +  Y-NHR'. 

The  actual  results  deduced  from  the  analyses  of  the  mixed  azo- 
naphthols  show,  in  neai'ly  all  cases,  a  slight  excess  of  halogen  over 
that  required  by  equimolecular  proportions  of  the  two  azoiiaphthols, 
as  will  be  seen  most  clearly  from  the  tabulated  results  : — - 


Compoimd  decomposed. 

Halogen  p.  c.  calculated  for. 

Halogen 
fouud. 

{p)ySO,-C,llry,iCR,)-C,R,-^T(p)... 

(p)NO.yC6H,-N.yC,oH8-OH(|3)  + 
(it>)Br-C6H4-N2-CioHfi-OH(/3) 
Br  =  12-9 

15-56 

(^)N02-C6H4-N3(a,H5)-C6H,-Br(p)  . . 

(i>)NO,-C6HrNo-CioH6-OH(^)  + 
(p)Br-C6H4-N2-C,oH6-OH(/3) 
Br  =  12-9 

14  -83 

{7n)NO.-C,}I,-N;{CHs)-C6B.,-Br{p). . . 

(»0NO2-C6H4-N,-CV,H6-OH(6)   + 
(i.)Br-06H4-N2-C,oH6-OH(;3) 
Br  =  12-9 

14-38 

(»«).NO,-C6H4-N3(<^2H,0-C6H4-Br(j.) . . 

(w)NO.vC6H,-N.vCioHfi-OH(/3)  + 
(i.)Br-C6H4-Xo-CVH6-OH(/3) 
Br  =  12-9 

15-08 

{p)BvC,B,--S,{CU,yC,B,-C}i,{p)... 

(p)Br-C6H4-N,-CioH6-OH(/3)  + 
(^)CH3-C6H4-N.vCioH6-OH03) 
Br  =  13-6 

13-02 

{p)ChCell,-^\{C-ii,)-C,R,CR.,{j>)  ... 

(^)Cl-C6H4-No-CioH6-OH(^)   + 
(i;)CH3-C6H4-N2-CioH6-OH03) 
CI  =  6-52 

7-30 

Considering  that  the  method  of  determining  the  relative  quantities 
of  the  different  products  of  decomposition  is  necessarily  only  approxi- 
mative,  we  consider  these  numbers  sufficiently  close  to  those  required 
by  theory  to  warrant  the  conclusion  that  the  decomposition  results  in 
the  formation  of  the  two  diazo-chlorides  in  molecular  proportion. 
The  error  being  (with  one  exception)  always  on  the  side  of  excess  of 
halogen,  it  is  evident,  however,  that  for  some  reason,  an  excess  of  the 
halogen-containing  diazo-salt  tends  to  be  produced,  the  haloid  azo- 
yS-naphthol    coming    out    correspondingly    high.       We    thought    it 
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desirable  at  this  stage  of  the  work,  therefore,  to  investigate  tlie 
quantitative  method  itself,  with  the  object  of  ascertaining  whether 
the  excess  of  halogen  arose  from  the  occurrence  of  some  secondary 
reaction,  a  supposition  R'hich  seemed  highly  probable  in  view  of  the 
well-known  instability  of  the  diazo-salts  in  solution.  Taking  the  first 
of  the  mixed  diazoamides  in  the  table  as  a  typical  compound,  it  will 
be  seen  that  the  four  products  existing  in  the  acid  solution  after  the 
decomposition  are — 

(2j)NO.>-C6Hi-No-Cl  (2;)NO./C6H4-NH-CH3 

(p)Br-C6H4-No-Cl  (p)BrC6H,-NH-CH3. 

The  best  known  secondary  decompositions  which  might  occur  in 
such  a  mixture  are  the  following : — 

(1.)  Paranitrodiazobenzene  chloride  might  become  transformed  into 
the  corresponding  nitrophenol,  according  to  the  well-known  decom- 
position : — 

NOa-CeHi-N^-Cl  +  H2O  =  NOo'CeHi-OH  +  HCl  -I-  N^. 

The  nitrophenol  would  dissolve  in  the  alkaline  solution  of  ^-naphthol, 
and  would  thus  be  lost,  giving  at  the  same  time  a  product  containing 
an  excess  of  bromazo-/3-naphthol,  thus  raising  the  percentage  of 
bromine.  Against  this  interpretation  of  the  facts  we  may  state  that 
we  have  never  been  able  to  detect  any  nitrophenol  in  the  alkaline 
filtrate,  nor  have  we  ever  observed  any  evolution  of  nitrogen.  It 
will  be  seen,  moreover,  that  if  any  nitrophenol  were  formed  there 
would  be  a  deficiency  in  the  total  weight  of  the  mixed  azonaphthols, 
whereas  we  actually  found  an  excess  (calculated  percentage  92'5 ; 
found  95). 

(2.)  Paranitrochlorobenzene  might  be  formed  in  accordance  with 
the  mode  of  decomposition  described  by  us  in  a  former  paper  (Trans., 
1886,  629)— 

(^)N"02-C6H4-N2-C1  =  (p)NO,-C,'H,-Cl  +  N^. 

This  nitrochlorobenzene  being  neither  acid  nor  basic,  might  cling  to 
the  azonaphthols,  and  so  raise  the  percentage  of  halogen.  In  order 
to  see  whether  this  explained  the  presence  of  the  excess  of  halogen, 
the  following  experiment  was  made : — 1  gram  of  parauitraniline  was 
diazotised  in  strong  hydrochloric  acid  with  a  slight  excess  of  sodium 
nitrite,  and  the  solution  allowed  to  stand  at  the  ordinary  temperature 
for  about  18  hours.  The  solution  was  diluted  with  water,  and  filtered 
through  a  tared  filter  into  an  alkaline  solution  of  /3-naphthol.  The 
residue  on  the  filter,  when  dry,  weighed  00038  gram.  The  azonaphthol 
precipitate  was  collected,  washed  with  water,  then  with  dilute  acid, 
and  again  with  water,  in  precisely  the  same  way  as  when  doing  a 
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quantitative  decomposition  by  our  method.  The  dry  precipitate 
weighed  2"0G44  grams,  corresponding  to  207'2  per  cent.  The  theo- 
retical yield  should  have  been  2r2"3  per  cent.  A  chlorine  determina- 
tion iu  the  dried  azonaphthol  gave  the  following  results  : — 

1-1571  gram  gave  0-0048  gram  AgCl  =  010  per  cent.  CI. 

We  conclude  from  this  experiment  that  the  amount  of  chlorine 
retained  by  the  azonaphthol  is  far  too  small  to  account  for  the  excess  of 
halogen  obtained  in  the  quantitative  decomposition  of  the  nitrobromo- 
diazoamides. 

The  two  most  feasible  explanations  having  thus  proved  to  be  in- 
sufficient, we  had  recourse  to  an  experiment  in  which  the  compounds 
reacting  in  the  acid  solution  were  similar  to  those  which  might  be 
supposed  to  react  during  the  process  of  quantitative  decomposition. 
For  this  purpose,  we  took  0'96()1  gram  of  the  compound  produced  by 
the  action  of  diazotised  metanitraniline  on  methylparabromaniline, 
described  in  a  former  part  of  this  paper,  and  allowed  15  c.c.  of 
strong  hj'drochloric  acid  to  act  upon  this  quantity  for  about  48  hours, 
the  beaker  being  kept  cool  by  standing  it  in  water.  The  opei-ation 
was  then  completed  in  the  usual  way,  and  the  di'ied  azonaphthol 
examined  for  bromine  : — 

0"1878  gram  gave  0-0199  gram  AgBr  =  45  per  cent.  Br. 

If  the  decomposition  had  been  arrested  at  the  usual  stage,  that  is, 
as  soon  as  the  substance  had  completely  dissolved  up  in  the  acid,  the 
azonaphthol  should  have  been  simply  metanitrobenzeneazo-/3-naphthoI, 
and  should  have  contained  no  bromine.  The  presence  of  bromine 
appears,  therefore,  to  indicate  that  some  secondary  reaction  occurs, 
leading  to  the  formation  of  bromobenzenediazo-chloride,  and  of  the 
corresponding  bi'omobenzencazonaphthol.  The  most  probable  expla- 
nation which  we  can  suggest  is  that  the  nitrodiazo-chloride  causes 
a  certain  amount  of  displacement  of  the  methyl-group  : — 

NOi-CeH^-Na-Cl  +  Br-CeHi-NH-CHs  +  H,0  = 

NOi-CsH.-No-NH-CgH.-Br  +  CHa-OH  +  HCl. 

The  mixed  diazoamide  then  becoming  converted  by  intramolecular 
tr-ansposition  into  the  isomeric  and  more  stable  compound — • 

NOo-CsH^-NH-N^-CeH.-Br. 

The  latter  again  becoming  resolved  by  acid — 

NOj-CeH.-NH-N^-CeHi-Br  +  HCl  =  Br-CeHi-N^-Cl  -j-  NOo-CsHi-NH,. 

Such  a  secondary  reaction  as  this  would  of  course  go  on  con- 
currently with  the  primary  resolution,  the  amount  of  bromobenzene- 
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diazo-cliloride  formed  increasing  wifh  the  time.  We  are  disposed  to 
believe  that  this  is  the  true  explanation  of  the  excess  of  halogen 
found  in  the  cases  under  discussion,  and  that  the  normal  decomposi- 
tion of  the  mixed  alkyldiazoamide  results  in  the  production  of  the 
two  diazo-chlorides  in  equal  molecular  proportions.  A  small  quantity 
of  bromine  or  chlorine  in  excess  of  that  required  by  equal  molecular 
proportions  of  the  two  diazo-chlorides  would  obviously  become 
exaggerated  if  calculated  as  chloro-  or  bromo-benzeneazo-/3-naphthol. 
Thus  tbe  4"5  per  cent,  of  bromine  found  after  48  hours'  action  of  the 
acid  corresponds  to  over  18  per  cent,  of  the  bromazonaphthol,  so  that 
a  very  small  amount  of  secondary  decomposition  would  suffice  to  raise 
the  percentage  of  the  bromazonaphthol  to  the  extent  found  in  our 
analyses.  We  may  here  point  out  that  the  action  of  the  nitrodiazo- 
chlorides  upon  secondary  alkylamiues  seems  worthy  of  special  in- 
vestigation from  this  point  of  view.  That  the  secondary  reaction  is 
of  the  nature  indicated  is  rendered  probable  by  an  observation  duo, 
originally,  to  Griess  (Phil.  Trans.,  Part  III,  1864,  694),  and  since 
repeated  in  all  .the  text-books.  According  to  this  observation, 
nitrous  acid  is  capable  (f  expelling  ethyl  from  ethylaniline  with  the 
formation  of  the  diazo-salt  : — 

C6H5-NH-C,H5,HC1  +  NO-OH  =  CeHs-N^-C)  +  H,.0  +  CoH^-OH. 

If  nitrous  acid  can  react  in  the  way  stated,  it  is  not  improbable 
that  a  diazo-salt  of  a  radicle  containing  a  strongly  acid  group  (NO2), 
may  act  in  an  analogous  manner. 

Summary  and  Conclusion. 

1.  The  six  triplets  of  mixed  alkyl-diazoamides  described  in  the 
pi'esent  paper,  together  with  the  two  cases  made  known  in  former 
communications,  suffice  to  establish  the  reality  of  the  isomerism  first 
made  known  by  us  in  1887  (Trans.,  51,  44-3). 

2.  The  decomposition  of  the  alkyl-derivatives  of  mixed  diazoamides 
by  cold  hydrochloric  acid  into  a  mixture  containing  equal  molecular 
proportions  of  two  diazo-chlorides,  suggests  that  the  molecular  weight 
of  these  compounds  is  double  that  usually  assigned. 

3.  In  support  of  this  conclusion  we  have  recently  found  that 
mixed  alkyl-diazoamides,  apparently  identical  with  those  produced  by 
direct  alkylation,  can  be  formed  synthetically  by  simply  boiling 
together  solutions  of  the  other  two  members  of  the  triplet,  according 
to  the  equation — 

X-N,-NR'-T  -t-  Y-Na-NR'-X  =  (X-XsR'-Y)^. 

This  discovery  forms  the  starting  point  of  a  new  research,  which 
has  already  been  commenced  in  our  laboratory,  and  which  will,  we 
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anticipate,  lead  to  the  final  solution  of  the  vexed  question  of  the  con- 
stitution of  the  diazoamido-eonipounds.  We  propose  to  determine 
the  molecular  wei'j^hts  of  the  isomerides  by  Raoult's  method,  usin;^ 
benzene  as  a  solvent.  In  the  meantime  the  chemical  evidence 
appears  to  us  to  point  to  the  conclusion  that  the  mixed  diazoamides, 
at  any  rate,  are  formed  by  the  coalescence  of  two  isomeric  molecules, 
and  that  they  accordingly  contain  the  closed  chain  of  nitrogen- 
atoms  : — 

— N— N— NH— 
— HN— N— N— 

It  gives  us  great  pleasure,  in  conclusion,  to  acknowledge  the  great 
assistance  which  we  have  received  in  conducting  the  necessarily 
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two  of  our  students,  Messrs.  G.  T.  Morgan  and  J.  H.  Coste,  who 
have  been  good  enough  to  prepare  many  of  the  products,  and  to 
make  most  of  the  analyses  given  in  the  paper.  We  desire  also  to 
acknowledge  valuable  contributions  of  pi"eparations  made  for  us  by 
the  Frankfurter  Anilinfarbenfabrik,  Gans  and  Co.  The  present  work 
has  been  partly  carried  on  by  the  aid  of  a  grant  from  the  Government 
Grant  Fund  of  the  Royal  Society. 
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XLIII. — Oil  the  Atomic  Weight  of  Zinc.  . 

By  J.  H.  Gladstone,  Ph.D.,  F.R  S.,  and  Walter  Hibbert,  F.I.C. 

Whilst  using  a  zinc  voltameter,  recently  arranged  by  one  of  us, 
Mr.  Hibbert,  it  was  observed  that  the  loss  in  weight  of  the  anode  was 
very  constant.  The  zinc  deposited  on  the  cathode  was  either  not 
jjure,  or  else  it  oxidised  during  washing,  so  that  we  could  get  no 
sufficient  regularity  in  the  results  from  it.  The  constancy  in  the  loss 
of  weight  at  the  anode,  which  at  first  was  somewhat  surprising,  inas- 
much as  the  zinc  was  far  from  pure,  seemed  reasonable  enough  when 
considered  in  the  light  of  the  electrochemical  position  of  zinc  as  com- 
pared with  its  ordinary  impurities.  These  are  all  electronegative  to 
zinc,  and  therefore  are  easily  displaced  in  their  compounds  by  that 
metal.  If  therefore  during  the  action  which  takes  place  at  the  anode, 
any  of  the  impurities  should  be  taken  up  by  the  acid  constituent  of 

2  I  2 
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the  electrolj'te,  tliey  ought  immediately  to  be  displaced  by  the  more 
electropositive  zinc.  Some  explanation  of  this  sort  seems  needed  to 
accoiint  for  the  result  of  our  experiments.  It  was  confirmed  by 
occasional  analysis  of  the  liquid  and  the  deposited  zinc,  these  being 
found  free  from  cadmium,  lead,  tin,  and  arsenic,  and  showing  only 
minute  traces  of  iron. 

It  then  naturally  occurred  to  us  that  it  would  be  possible  to  get  a 
fair  estimate  of  the  atomic  weight  of  zinc  by  means  of  Faraday's 
electrolytic  law. 

Reynolds  and  Ramsay  (Trans.,  1887,  854)  have  given  a  consider- 
ably higher  value  for  this  number  than  most  of  the  other  experi- 
menters. They  determined  the  hydrogen  liberated  from  acids  by  a 
known  weight  of  zinc,  the  metal  having  been  carefully  prepared  by 
precipitation  as  zinc  sulphide,  re-solution  as  sulphate  and  subsequent 
electrolytic  deposition,  with  final  fusion  in  an  exhausted  hard  glass 
tube.  The  mean  result  gave  the  atomic  weight  as  65"478,  and  the 
authors  think  it  quite  possible  that  the  true  value  may  be  6o'5. 
Previous  values  given  in  recent  years  are — 

Marignac 65180 

Baubigny 65"  184 

Van  de  Plaats 65-180 

These  are  reckoned  for  0  =  15'963,  and  are  taken  from  the  paper 
by  Reynolds  and  Ramsay  already  alluded  to.  Since  that  paper  was 
written,  another  determination  has  been  made  by  Morse  and  Burton 
(Amer.  Chem.  J.,  10,  311 — 321).  They  estimated  the  zinc  oxide 
obtained  from  known  weights  of  zinc,  the  metal  having  been  obtained 
by  a  special  kind  of  fractional  distillation  in  a  vacuum.  The  mean 
result  gave  the  atomic  weight  as  65*106.  This  figure  is  very  nearly 
the  same  as  the  three  given  above,  but  differs  materially  from  the 
value  given  by  Reynolds  and  Ramsay.  The  methods  which  yield  these 
varying  values  involve  either  laborious  operations  to  get  pure  zinc,  or 
some  dependence  on  the  purity  and  stability  of  various  compounds. 

Our  experiments,  already  alluded  to,  seemed  to  relieve  us  from  the 
necessity  of  attempting  to  procure  pure  zinc,  and  gave  promise  of  a 
result  by  the  simplest  operations.  The  values  we  give  below  are 
divided  into  two  sets,  the  one  obtained  by  determining  the  ratio 
between  the  equivalents  of  silver  and  zinc,  the  other  depending  on  the 
ratio  of  zinc  to  copper.  The  first  of  these  two  ratios  is  likely  to  give  a 
more  accurate  value  for  the  atomic  weight,  seeing  that  the  silver 
voltameter  is  a  more  accurate  instrument  than  the  copper  one,  and 
also  that  the  atomic  weight  of  silver  is  more  accurately  known  than 
that  of  copper. 

In  all  the  experiments  given,  the  circuit  consisted  of — 
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(a.)  A  battery  of  four  cells.  These  were  modilied  Grove's  cells, 
the  sulphuric  acid  being  replaced  by  sodium  sulphate. 

(/;.)  A  tang'cnt  galvanometer  to  indicate  roughly  the  value  of  the 
current,  and  enable  us  to  see  that  it  was  reasonably 
constant. 

(c.)   A  silver  voltameter. 

(d.)  A  copper  voltameter. 

(e.)  Two  zinc  voltametei's. 

In  one  of  the  experiments  the  copper  receiving  plate  was  injured, 
so  that  it  is  omitted. 

la  the  copper  and  silver  voltameters,  the  conditions  were  similar 
to  those  shown  to  be  best  by  the  researches  of  Lord  Rayleigh,  Gray, 
and  others. 

The  silver  voltameter  consisted  of  a  platinum  dish,  3  inches  in 
diameter,  as  cathode,  and  a  bundle  of  thick  silver  wires  as  anode. 
The  latter  were  wrapped  round  with  fine  muslin  and  filter-^aaper  to 
prevent  particles  falling  into  the  dish  below.  The  silver  nitrate  solu- 
tion always  contained  about  15  per  cent,  of  the  salt.  At  the  end  of 
an  experiment,  the  solution  was  poured  from  the  platinum  dish,  and 
the  latter  then  placed  in  a  large  vessel  containing  distilled  water, 
which  was  slowly  heated  to  about  80^.  After  decanting  off,  fresh 
water  was  poured  into  the  vessel,  and  the  operation  repeated  until 
the  w'ater  showed  no  trace  of  silvei*.  The  platinum  dish  was  then 
dried  over  a  bunsen  flame,  adequately  protected  from  the  direct  play 
of  the  heated  gases. 

The  copper  voltameter  consisted  of  two  copper  plates  and  a  slightly 
acid  solution  of  copper  sulphate,  of  sp.  gr.  about  1*75.  After  each 
experiment  the  copper  receiving  plate  was  rapidly  washed  with  water, 
then  with  alcohol,  and  dried  at  a  temperature  of  about  40°. 

In  each  of  the  two  zinc  voltameters  we  used  amalgamated  sheet 
zinc  as  anode.  Only  one  side  of  this  was  used,  and  we  found  it 
advantageous  to  tix  it  horizontally  at  the  top  of  the  liquid,  so  that 
only  the  under  surface  and  edges  were  acted  on.  Experience  showed 
that  if  the  disc  were  fixed  vertically,  the  distribution  of  mercury  is 
altered  as  the  action  pi'oceeds.  It  accumulates  at  the  bottom  of  the 
zinc  plate,  leaving  a  poorer  amalgam  in  the  higher  parts,  and  thereby 
introduces  a  possible  source  of  error.  In  one  or  two  cases  the  zinc 
was  amalgamated  by  dipping  the  metal  in  a  solution  of  mercuric 
nitrate,  but  the  following  method  was  preferred : — One  side  of  the 
disc  was  rubbed  with  dilute  sulphuric  acid,  and  while  still  wet  a 
large  drop  of  mercury  was  allowed  to  fall  on  the  centre.  This  was 
then  rubbed  over  the  whole  surface,  and  allowed  to  stand,  with 
occasional  rubbing,  tilHhe  amalgam  had  set.     After  thus  setting,  the 
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plate  was  well  washed  and  dried.  A  copper  wire  was  now  soldered 
to  the  centre  of  the  unamalgamated  side,  to  be  used  both  as  a  support 
and  as  a  conductor  for  the  current. 

The  anode  thus  prepared  was  treated  in  the  same  way  before  and 
after  an  experiment,  that  is  to  say,  it  was  well  washed  in  water,  then 
in  0-806  alcohol,  and  dried  at  about  40°.  We  did  not  go  beyond  this, 
because  we  had  in  one  or  two  experiments  found  slight  traces  of 
oxidation  at  higher  temperatures. 

The  cathode  was  in  most  cases  a  copper  dish  containing  the  liquid, 
but  in  those  instances  where  it  was  intended  to  test  the  liquid  or 
deposited  zinc,  we  used  a  platinum  wire  lying  underneath  the  anode. 
The  electrolyte  was  a  solution  of  zinc  sulphate,  the  sp.  gr.  of  which 
varied  from  1'18  to  1'21. 

The  following  tables  include  all  the  experiments,  excepting  only 
those  which  were  preliminary.  The  density  of  current  as  given  in 
the  third  column,  is  expressed  in  amperes  per  square  centimetre  of 
the  zinc  anode. 


Comparison  of  silver 

and  zinc. 

Katio  ^^. 
Zn 

No.  of 

Dm'ation. 

Densitt  of 

Zinc 

Silver 

expt. 

current. 

dissolred. 

deposited. 

mill  3. 

firaras. 

grams. 

I   

75 

0  -073 

0-7767 

2  -5589 

3-2945 

„    

0-159 

0-7758 

„ 

3-2984 

II 

72 

0-120 

0-5927 

1  -9551 

3  -29S6 

J,    

,, 

0-OGO 

0  -5924 

3  -3003 

Ill   

50 

0  070 

0-2277 

0-7517 

3-2969 



0  033 

0  -2281 

3  -2955 

IV   

60 

0  -200 

0-7452 

2 -4588 

3-2995 

.,   

0-090 

0  -7475 

*3  -2894 

V  

80 

0  170 

0  -8770 

2 -9000 

t3-30G7 

,,     

0-090 

0 -8784 

,^ 

3-3015 

YI   

75 

0  044 

0 -9341 

3 -0809 

3 -2982 

n      

» 

0-022 

0-9347 

" 

3 -2961 

Mean 

3  2980 

As  far  as  the  zinc  voltameter  is  concerned,  there  are  two  chief 
souices  of  error  in  the  above  experiments.  First,  the  possibility  of 
small  particles  of  the  anode  becoming  loose  and  falling  away. 
Secondly,  the  possibility  of  oxidation  taking  place  during  the  wash- 
ing and  drying  of  the  zinc  sheet. 

We  have  some  slight  reason  to  suspect  that  the  result  marked  *,  is 
affected  by  the  first  of  these  sources  of  error.  The  zinc  had  been 
used  in   each   of  the  previous  experiments,  and  on  examination  its 
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edges  wei-e   found  to   betliin,  so  that  it  had  to  be  rejected  for  tlie 
subsequent  experiments. 

The  result  marked  f  is  also  a  little  doubtful.  After  wasliing,  the 
surface  of  the  zinc  "was  found  to  be  darker  and  duller  than  usual.  It 
strongly  suggested  surface  oxidation,  but  we  could  not  test  the  point. 
We  might  have  been  justified  in  leaving  these  two  results  out,  but  we 
prefer  to  show  the  extreme  differences  obtained  by  the  method. 

The  general  regularity  of  the  other  results  leads  us  to  think  there 
was  little  or  no  disturbance  from  the  two  sources  of  error  named. 
Experiment  showed  that  the  second  was  ordinarily  inoperative.  We 
tried  several  times  to  see  if  repeated  washing  and  drying  had  any 
influence  on  the  weight  of  the  zinc,  but  got  only  minute  changes 
which  would  not  affect  the  ratio. 

It  may  be  useful  here  to  say  that  the  first  five  experiments  (in- 
volving 10  ratios)  were  made  with  special  redistilled  zinc  obtained 
from  Hopkin  and  Williams.  The  last  experiment  giving  tlie  two 
ratios  3"2982  and  3"2961  was  made  with  two  sheets  cut  from  a  piece 
of  common  zinc,  bought  at  the  nearest  zinc-workers.  It  will  be 
noticed  that  the  two  ratios  with  this  zinc  agree  very  well,  although 
the  current  density  is  twice  as  great  in  one  case  as  in  the  other. 

The  mean  ratio  of  the  equivalents  of  silver  and  zinc,  as  given  by 
our  experiments,  is  3'298  +  O'OOOS.  If  we  take  107"93  as  the  atomic 
■weight  of  silver,  and  the  atomicity  of  zinc  as  2,  the  atomic  weight  of 
zinc  is — - 

107-93  X  2        .... , 
3-2980 

If,  as  seems  preferable,  silver  be  taken  as  107-66,  then  zinc  is — 
107-66  X  2       ^K  ,a 

We  give  below  the  comparison  between  zinc  and  copper.  The 
density  of  current  for  the  copper  receiving  plate  varied  comparatively 
little  from  1  ampere  per  50  square  centimetres  of  receiving  surface, 
the  lowest  density  being  1  ampere  for  70  square  centimetres.  It  is 
known  that  the  solution  of  copper  sulphate  acts  on  copper,  but  when 
slightly  acid,  and  with  these  densities  of  current,  the  solvent  action 
is  small.  Still  the  ratio  obtained  is  not  so  reliable  as  that  given 
by  the  preceding  table  for  silver.  As  a  matter  of  fact,  the  copper 
voltameter  had  only  been  used  in  the  early  experiments  to  give  a 
ready  check  on  the  others.  The  ratios  between  silver  and  copper, 
which  vary  between  3-4u0  and  3-408,  indicated  a  very  fairly  good 
agreement  with,  the  already  known  value,  and  afforded  strong  pre- 
sumption that  the  ratio  Zn  :  Cu  would  be  sufficiently  useful  as  a 
confirmation  of  tlie  other  results. 
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No.  of 
expt. 

Duration. 

Zinc  dissolved. 

Copper   deposited. 

Ratio  — . 
Cu 

I    

75  minutes 

0-7767 
0-7758 

0  -7526 

1 -0313 
1  -0308 

11  

72  mimites 

0-5927 
0-5924 

0-5737 

1 -0331 
1 -0326 

Ill   

50  minutes 

0-2277 
0-2281 

0  -2209 

1  -0308 
1  -0326 

Y  

80  minutes 

0-8770 
0-8784 

0  -8510 

1 -0305 
1  -0322 

yi 

75  minutes 

0 -9341 
0 -9347 

0 -9038 

l-03r6 
1  -0342 

Mcun   

10322 

The  mean  ratio  for  Zn  :  Cu  is,  therefore,  1-0322.  As  the  solvent 
action  of  the  solution,  already  alluded  to,  is  likely  to  give  figures  for 
copper  a  trifle  lower  than  they  ought  to  be,  the  ratio  will  be  affected 
in  an  inverse  sense — that  is,  the  figure  1-0322  is  very  probably  a  trifie 
too  high. 

The  values  given  for  the  atomic  weight  of  copper  vary  somewhat. 
Three  determinations  made  in  recent  yeare  agree  fairly  well  in  giving 
a  higher  value  than  that  formerly  accepted.  W.  N.  Shaw,  as  the 
result  of  many  electrolytic  experiments  (B.  A.  Report,  1886)  and  a 
careful  discussion,  suggests  63"33. 

T.  W.  Richards  {Amer.  Chem.  J.,  10,  187 — 191)  has  used  a  simple 
and  apparently  acciirate  method,  namely,  the  precipitation  of  silver 
from  a  solution  of  its  nitrate  by  known  weights  of  copper.  The  mean 
result  was  63'43. 

Baubigny  has  given  a  value  veiy  neai'ly  the  same  as  Shaw's,  and, 
as  the  latter  was  obtained  by  a  method  like  that  followed  by  us,  we 
use  it  for  our  calculation.     From  it  we  get — 

63-33  X  10322  =  65-37, 

as  the.  atomic  weight  of  zinc. 

But  this  number  (05-37)  is  obtained  by  means  of  a  ratio  which  we 
have  already  seen  to  be  too  high,  probably  by  something  like  one 
part  in  a  thousand. 

Reviewing  the  whole  of  the  results,  and  attaching  greater  weight 
to  the  value  derived  from  silver,  the  atomic  weight  of  zinc  would 
appear  to  be  very  close  to  65'3.  This  is  slightly  higher  than  the 
figures  given  by  Marignac,  Baubigny,  Morse  and  Burton,  but  some- 
what lower  than  the  value  given  by  Reynolds  and  Ramsay. 
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XLIV.  -The  Amylodextrin  of  W.  Ndr/eli,    and  its  relation  to   Soluble 

Starch. 

By  Horace  T.  Brown,  F.R.S.,  and  G.  Harris  Morris,  Pli.D.,  F.l.C 

In  the  year  1874,  W.  Njigeli  described,  under  the  name  of  ainylo- 
ilexirin  (Beitnige  znr  Kcntnniss  der  StdrJcegrupjje,  Leipzig),  a  substance 
'.vliich  he  obtained  by  the  long-continued  action  of  dilute  mineral 
acids  upon  ungelatinised  starch  in  the  cold.  The  starch-granules, 
whilst  retaining  for  some  considei'able  time  their  original  structure, 
were,  in  the  coarse  of  several  weeks,  completely  disintegrated,  a 
portion  of  their  substance  going  into  solution  in  the  acid,  whilst  the 
iodine  reaction  of  the  insoluble  residue  gradually  changed  from  blue 
through  violet  to  reddish-yellow.  The  residue  consisted  of  crude 
amylodextrin,  which  was  puritied  by  solution  in  hot  water  and  sub- 
sequent precipitation,  either  by  freezing  the  solution,  or  by  the 
addition  of  alcohol. 

Niigeli  describes  amylodextrin  as  separating  from  its  solutions  in 
the  form  of  crystalline  spherules  which  are  made  up  of  minute 
needles  arranged  radially.  The  drawings  which  he  gives  of  these 
crystalline  aggregates  suggest  a  close  resemblance  to  the  well-known 
spherules  of  imdin. 

Amylodextrin  is  said  to  have  a  I'otatory  power  of  [a]  =  175°  to 
177°  when  observed  in  the  Wild's  instrument  with  ordinary  light; 
and  it  is  also  stated  to  be  non-dii¥usible. 

Of  late  years,  the  few^  chemists  who  have  noticed  amylodextrin 
have  taken  it  for  granted  that  it  is  identical  with  soluble  starch,  an 
opinion  for  which  Musculus  and  Gruber  {Bull.  Soc.  C/iim.,  30,  54, 
1878)  and  Arthur  Meyer  {Boian.  Zeitung,  1886,  N'os.  41  and  42)  are 
mainly  responsible ;  whilst  Tollens  also  adopts  this  view  in  his  recent 
MoMdhuch  der  Kohleiihijdrate. 

A  careful  investigation  of  this  little-known  substance  has,  how- 
ever, convinced  us  that  it  is  a  perfectly  well-detined  compound  and 
entirely  different  in  its  nature  from  soluble  starch.  We  are  now  in 
a  position  to  define  its  properties  more  accurately,  and  to  assign  it 
a  place  in  the  series  of  starch-transformation  products. 

In  describing  his  method  for  the  determination  of  diastatic  power, 
C.  Lintner  has  stated  (J.  pr.  Chem.,  34,  378,  1886)  that  a  compara- 
tivelv  short  treatment  of  ungelatinised  potato-starch  with  hydrochloric 
acid  of  7'5  per  cent,  renders  the  granules,  when  subsequently  freed 
from  acid,  capable  of  completely  dissolving  in  hot  water  without  the 
production  of  the  usual  viscid  paste.     Our  experiments  fully  confirm 
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the  accui-acj  of  this  statement.  In  one  case  in  wliicli  the  above- 
mentioned  strength  of  acid  had  been  used,  the  starch  had  lost  all 
power  of  gelatinisation  within  10  days  ;  whilst  in  another  experi- 
ment, in  which  acid  of  12  per  cent,  had  been  used,  this  point  was 
reached  in  less  than  24  hours. 

This  extraordinaiy  change  in  the  properties  of  the  granules  is 
not  accompanied  by  the  slightest  change  of  structure,  and  the  altered 
granules  have  exactly  the  same  influence  on  polarised  light  as  the 
unaltered  starch. 

We  have  very  carefully  examined  the  nature  of  the  substance  which 
goes  into  solution  on  treatment  of  the  altered  starch  with  hot  water, 
and  find  that  it  is  in  e^ery  way  identical  with  the  soluble  starch 
described  by  O' Sullivan  and  others,  and  prepared  by  the  limited 
action  of  heated  malt-extract  or  of  acid  upon  starch-paste  heated  to  a 
suitable  temperature. 

Soluble  starch  prepared  by  any  of  these  methods  slowly  separates 
out  on  long  standing  of  its  concentrated  solutions,  or  immediately  on 
the  addition  of  alcohol  to  dilute  solutions,  as  a  white  substance  which 
in  mass  is  somewhat  pasty  in  its  nature,  and  on  washing  with  alcohol 
and  subsequent  drying  becomes  very  fi'iable.  No  matter  how  slowly 
it  may  be  precipitated  from  its  solutions,  it  is  always  found  under  the 
microscope  to  be  made  up  of  minute  particles  entirely  without  structure 
and  without  action  on  polarised  light.  The  substance  itself  and  also 
its  solutions  are  coloured  an  intense  blue  by  iodine.  Although  almost 
insoluble  in  cold  water,  it  is  readily  soluble  in  water  at  60 — 70°,  and 
is  thrown  down  again  on  cooling  as  a  white,  flocculent,  amorphous 
precipitate. 

The  specific  rotatory  power  of  soluble  starch  in  solution  is 
[al;3-86  =  216'0°,  and  it  has  no  cupric  reducing  power. 

We  have  shown  in  our  previous  papers  that  soluble  starch,  which 
is  the  first  product  of  the  action  of  diastase  on  starch-paste,  is 
capable,  at  temperatures  up  to  60°,  of  rapid  hydrolysis  down  to  a 
certain  definite  point,  beyond  which  progress  is  relatively  very  slow. 
This  .  point  of  equilibrium  is  reached  before  the  complete  trans- 
formation of  the  starch  into  maltose,  the  reaction  becoming  almost 
stationary  when  the  mixed  products  give  the  following  numbers  :  — 

[«]>sc 162-6° 

K3.86 49-3 

corresponding  to  a  composition  of — 

Mahose 80-9 

Dextrin 191 

100  00 
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and  to  the  equation — 

5(C,,H,„0u,)„  +  4»n,0  =  4nC,oH,20u  +  (C,JT,„OhO« 

Starcli.  Maltose.  Dextrin. 

In  the  ahove-nientioned  properties,  the  soluble  starch  prepared  by 
the  limited  action  of  diasta.se  or  acids  upon  starch-])aste,  agrees  in 
every  particular  with  the  soluble  starch  produced  by  the  action  of 
dilute  acid  upon  starch-granules  in  the  cold.  This  will  be  seen  more 
clearly  when  we  describe  the  gradual  clianges  which  take  place  in  the 
granules  dui-ing  the  last-mentioned  pi-ocess. 

Before  considering  the  chemical  changes  which  occur  during  the 
continued  digestion  of  starch  with  dilute  acid,  it  will  be  well  to  point 
out  the  successive  changes  in  appearance  which  the  granules  exhibit 
under  the  microscope. 

When  we  employ  12  per  cent,  hydrochloric  acid,  it  is  not  until 
about  the  twentieth  day  that  any  visible  action  is  apparent,  the  first 
signs  of  disintegration  of  the  granules  being  afforded  by  their 
splitting  in  a  direction  parallel  with  their  shortest  perimeter.  Sub- 
sequently radial  clefts  are  formed,  and  at  the  end  of  about  two 
months  the  granules  have  become  more  or  less  disintegrated,  especi- 
ally in  the  direction  of  their  stratification,  this  disintegration  being 
complete  in  from  three  to  four  months,  when  the  residual  substance 
retains  little  or  nothing  of  the  original  form  of  the  starch-grain. 

Concurrently  with  the  changes  mentioned  above,  the  iodine  reac- 
tion of  the  residual  starch  undergoes  considerable  modification,  even 
before  any  change  can  be  detected  in  the  structure  of  the  granule. 
The  original  pure  blue  colour  given  by  iodine  gradually  changes 
through  purple,  reddish-purple  and  reddish-brown,  to  a  pale 
yellowish-red.  which  is  not  further  modified  even  if  the  starch 
remain  in  contact  with  the  acid  for  some  years. 

The  residual  substance,  after  prolonged  action  of  acid,  is  the  crude 
amylodexfriu  of  W.  Niigeli  and  A.  Meyer.  This,  as  will  be  seen 
from  our  subsequent  experiments,  has  been  derived  from  the  soluble 
starch  first  formed,  by  a  gradual  process  of  hydrolysis. 

The  time  required  to  reach  the  final  result  has  been  stated  by  other 
observers  to  be  about  100  days,  but  our  own  experiments  point  to 
this  period  as  being  insufficient  for  obtaining  the  maximum  effect. 

The  final  product  which  we  will  first  describe  had  been  in  contact 
with  the  dilute  acid  for  eight  years  and  a  half,  the  insoluble  residue 
representing  about  60  per  cent,  of  the  potato-starch  originally  taken. 
The  residue  under  the  microscope  appeared  to  be  made  up  of  the 
disintegrated  lamellge  of  the  original  starch-granules,  and  was  found 
to  be  coloured  a  light  yellowish-red  by  iodine,  and  to  be  almost  com- 
pletely soluble  in  hot  water.     It  was  purified  from  the  small  quantity 
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of  foreign  matter  it  contained  by  precipitation  from  its  aqneous  solu- 
tion by  alcohol,  or  by  immersing'  its  solution  in  a  freezing  mixture. 
It  is  thrown  down  in  the  form  of  a  brilliant  white  powder,  which  is 
highly  crystalline  in  appearance  when  the  precipitation  has  taken 
place  slowly.  Under  the  microscope,  the  precipitate  is  seen  to  consist 
of  sphcero-crystals  made  up  of  thin  needles  or  plates  arranged  radially, 
and  so  closely  resembling  the  sphaero-crystals  of  inulin  that  the  two 
substances  cannot  be  distinguished  by  microscopical  examination 
alone. 

W.  Niigeli  (loc.  cit.)  gives  very  good  illustrations  of  these  crystal- 
line aggregates,  and  also  shows  their  appearance  when  viewed  in 
polarised  light. 

Amylodextrin  in  solution  gives  with  iodine  an  intense  reddish- 
brown  coloration. 

The  crude  product  on  solution  in  water  gave  the  following  num- 
bers, the  amount  of  substance  per  lUO  c.c.  of  the  solution  being  4"147 
grams  : — 

[a]i3.86* 207-7° 

K.-s, 9-09 

After  careful  purification  by  precipitation  with  alcohol,  the  crystal- 
line amylodextrin  gave  the  following  constants: — ■ 

Solution  Density. — A  solution  containing  per  100  c.c.  5"8036  grams 
of  amylodextrin  dried  at  100°  had  a  sp.  gr.  at  20°  of  1022'701  (water 
at  20°  =  1000),  hence  the  divisor  to  be  applied  to  solutions  of  this 
degree  of  concentration  is  3'9116. 

Specific  Rotatory  Power. — (1).  A  solution  containing  5"8811  grams 
per  100  c.c.  (3'86  divisor)  gave  in  the  Soleil-Ventzke-Scheibler  in- 
strument a  reading  of  63'0  scale  divisions  when  observed  in  the 
200  mm.  tube. 

(2.)  In  another  case,  a  solution  containing  6'4974  grams  per 
100  c.c.  gave  a  reading  under  the  same  conditions  of  701  divisions. 
These  correspond  to  a  specific  rotatory  power  of — 

(1.)  Wi3-86 205-7° 

(2.)  [«L-3.86    206-8 

Mean   [«]i3.86 206-25° 

Oupric-reducing  Power. — 10  c.c.  of  solution  (1)  used  in  the  deter- 
mination of  the  specific  rotatory  power,  gave  0-1171  gram  CuO  ;  a 
second  determination  of  the  same  solution  gave  0-1176  gram  CuO. 

Solution  (2)— 10  c.c.  gave  0-1306  gram  CuO. 

*  The  values  for  the  specific  rotatory  power  [a]j,  and  for  the  cupric-reducing 
K,  are  calculated  throughout  upon  the  3-86  divisor  for  the  total  sohds,  and  are 
in  accord  with  the  results  given  in  our  previous  papers. 
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These  results  correspond  to  a  cuprie-reducing  power  of — 

(l)a.   K,.s, 90t 

(1)&.  ic,.,, 907 

(2).     /f3«6 9-12 

Mean  K-i.^i 907. 

The  vahies  of  [a]  /  and  k  deduced  from  the  actual  weigh f.  of  anivlo- 
dextrin  employed  are — 

[«];  208-42 

K 8-98 

The  apparent  percentage  composition  of  amylodextrin  deduced  from 
the  mean  values  given  above  for  the  3'86  divisor  is* — 

Maltose 14-87  '1  which  re-  f  [aJ^s-sG 205-4^ 

Dextrin   ....      85-13  J      quires     1  k^.^^ 9-07 

100-000 

We  have  now  to  consider  if  amj-lodextrin  is  a  mixture  of  two  or 
more  substances,  or  if  it  is  to  be  regarded  as  a  homogeneous  substance 
of  definite  chemical  composition.  In  the  first  place  it  will  be  noticed 
that,  however  we  regard  it,  the  analytical  numbers  representing  the 
optical  activity  and  reducing  power  correspond  exactly  with  those 
afforded  by  a  mixture  of  maltose  and  dextrin,  and  the  results  can  be 
expressed  as  above  in  terms  of  these  compounds.  In  this  respect, 
amylodextrin,  although  a  product  of  the  action  of  acid  upon  starch, 
conforms  to  the  rule  we  established  experimentally  (Ti'ans.,  1885, 
47,  538)  for  any  fractionated  portion  of  the  products  obtained 
by  the  action  of  malt-extract  or  diastase  on  starch-paste.  It  is 
evident  that  the  dextrose-group  cannot  enter  into  its  composition. 

Although  its  crystalline  nature  rendered  it  in  the  highest  degree 
probable  that  amylodextrin  was  a  definite  compound,  it  seemed  desir- 
able to  make  every  possible  attempt  to  differentiate  it.  We  have 
consequently  treated  it  in  vtry  much  the  same  way  as  we  did  malto- 
dextrin,  described  in  the  paper  just  quoted. 

Amylodextrin  is  absolutely  unfermentable  by  the  SaccJiayvmijccs 
cerevisece  of  the  high  fermentation,  consequently  its  cupric-reducing 
constituent  cannot  exist  in  the  state  of  free  maltose. 

On  attempting  to  fractionate  solutions  of  pure  amylodextrin  by 
throwing  it  down  with  alcohol  of  gradually  increasing  strength,  it 

*  The  percentnge  composition  deduced  from  actual  weights  of  substance  would 
he  identical  with  the  results  obtained  bj  the  use  of  the  386  divisor,  provided  we 
employed  for  dextrin  and  maltose  the  constants  also  deduced  from  actual  weiijlit. 
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was  found  that  precipitation  takes  place  so  completely,  and  within 
sucli  sharply  defined  limits  of  alcoholic  percentage,  that  it  is  practi- 
cally impossible  to  effect  any  fractional  separation  in  this  manner. 

Not  the  slightest  differentiation  could  be  effected  by  the  method  of 
partial  solution,  employing  cold  water  as  the  medium,  in  wliich  it  is 
soluble  to  the  extent  of  about  1'75  per  cent. 

The  same  is  also  true  with  regard  to  dialysis.  Contrary  to  the 
assertions  of  W.  Niigeli,  we  find  that  amylodextrin  is  sensibly  but 
slowly  diffusible. 

150  c.c.  of  a  solution  containing  14"660  grams  per  100  c.c.  were  put 
into  a  plicated  parchment-paper  dialyser,  supported  by  a  Nickel's 
funnel,  and  exposing  an  effective  diffusion  surface  of  about  30  square 
inches.  The  water  outside  the  dialyser  was  changed  five  times  at 
intervals  of  about  24  hours.  At  the  end  of  five  days,  the  diffusates 
were  evaporated  to  90  c.c,  and  contained  2' 75  grams  of  substance, 
which  on  analysis  gave  the  following  numbers  : — - 

[*]i3.8-, 204-6° 

'^"386      10'12 

corresponding  to  a  composition  of — 

Maltose 16-60  1  which  re-  f  [«]>86 205-0° 

Dextrin 83-40  J      quires     I  /cs.ge     10-12 

10000 

A  comparison  of  these  numbers  with  those  given  for  pure  amylodextrin 
shows  that  no  differentiation  has  taken  place,  the  substance  having 
passed  through  the  dialyser  unchanged. 

The  above  considerations,  coupled  with  the  truly  crystalline  nature 
of  the  substance,  lead  us  irresistibly  to  the  conclusion  that  in  amylo- 
dextrin we  have  to  deal  with  a  perfectly  homogeneous  compound  of 
definite  composition. 

It  is  doubtless  a  compound  closely  analogous  to  the  maltodextrin 
we  described  in  1885  (loc.  cit.),  and  which  we  were  led  to  regard  as 
made  up  of  two  amylin-  or  dextrin-groups  in  combination  with  a 
maltose-group,  thus  : — 

{C12H22O11 
(CiaHaoOin)^ 

The  simplest  formula  which  we  can  assign  to  amylodextrin  is  either 
that  represented  by  six  dextrin-  or  amijUn-groups  in  combination 
with  one  maltose-  or  amylon-group,  thus : — 


.J      r  CoHooOu       I  which  re-  "1  [a]y.; 
I  (CuH2oOio)6  /     quires     /  k..^^ 


206-11° 
9-08 
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or  a  formula  represented. by  five  dextrin-  or  aj»_yZi/t-gi'oup.s,  in  com- 
biuation  with  one  maltose-  or  amylon-group,  thus — 


^2  \  f  CioHooOu       1  which  re-  /  [a];, 
1  (Ci2H2uOio)5  /      quires     1  at^m 


204- 5° 
10-G 


The  actual  numbers  obtained  for  amylodextrin,  viz.  : — 

W>s6   20G-25 

V3.8G 9-07 

leave  little  doubt  that  formula  No.  1  is  the  correct  one,  and  this  was 
strikingly  confirmed  by  the  estimation  of  the  molecular  weight 
of  amylodextrin  by  Raoult's  method,*  which  yielded  the  following 
numbers  :t — 

I.  Freezing  point  of  water  used,  -{-0"025^. 

Strength  of   solution,  10"159  grams  amylodextrin  in   93"87  grams 
water : — 

E.  C.  A.  M. 

-0-070°  0-095°  0-0087  2185 

-0-070  0-095  0-0087  2185 

II.  Freezing  point  of  water  used,  +0-0G0''. 

Strength   of  solution,  8-622   grams  amylodextrin  in   94-80  grams 
water. 

E.  C.  A.                       M. 

-0-015°  0-075'  0-0083                2290 

Mean  of  the  above  results — 

A  =  coefficient  of  depres.sion  .  . .      0*0086 
M  =  molecular  weight 2220 

Whilst  the  molecular  weight  of  {  ^''^J;^''  ,   \  is  2286, 


■^*'>»'°^{(ofHro:.,j'^i««^- 


anc-  -^-  .     p 

We  must  consequently  look  upon  the  first  formula  as  the  correct 
one,  and  must  regard  the  amylodextrin  molecule  as  being  made  up  of 
six  a?»?//m-gronps  united  with  one  aniyloii-gvonp. 

We  find  that  amylodextrin,  like  maltodextrin,  is  converted  rapidly 
and  completely  into  tnaltose  under  the  action  of  diastase,  as  is  well 
shown  in  the  following  experiments. 

*  It  was  fouud  that  the  property  which  amjlodextrin  possesses  of  separating 
from  its  solutions  at  a  low  temperature  did  not  prove  any  obstacle  to  the  employ- 
ment of  this  method,  owing  to  the  slowness  of  the  separation. 

t  For  details  of  the  method,  and  for  an  ex{)lanation  of  the  terms  employed,  see 
our  farmer  paper  (Trans.,  1888,  53,  610j. 
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A  solution  containing  6'756  grams  of  amylodextrin  per  100  c.c.  was 
treated  with  a  little  diastase  for  60  minutes  at  55°.  The  product 
gave  the  following  numbers  : — 

Maltose  requires. 

[a]j3.86 151-7°  150-4° 

K3.^6 61-54  60-8 

This  rapid  hydrolysis  to  maltose  is  also  very  clearly  shown  when 
the  solution  of  amylodextrin  used  in  the  second  experiment  for  the 
determination  of  molecular  weight  was  degraded  with  a  little  diastase 
and  again  treated  by  Raoult's  method. 

The  amount  of  diastase  used  in  the  experiment  was  0-327  gram 
per  100  c.c.  The  action  was  allowed  to  continue  for  60  minutes  in 
the  cold. 

Freezing  point  of  a  solution  of  diastase  containing  the  above  amount 
+  0-045°. 

Strength  of  solution,  9-4508  granas  in  94-19  gram  water. 

E.  C.  A.  M. 

-0-495°  0-540°  0-054  352 

-0-495  0-540  0-054  352 

Tabulating  the  properties  of  the  substance  in  solution  before  and 
after  treatment  with  diastase,  we  find  them  as  follows : — • 

(1)  Before  treatment        (2)  After  treatment 
with  diastase.  with  diastase. 

[a]j3.,G 205-3°  150-7° 

M  (molecular  weight)     =  2290  352 

The  actual  numbers  for  maltose  are — 

W/3-86 150-4° 

M 342 

The  difference  in  behaviour  between  soluble  starch  and  amylo- 
dextrin under  the  action  of  diastase  is  well  shown  in  the  following 
time  experiments,  which  are  expressed  both  numerically  and  graphic- 
ally. It  will  be  noticed  that  the  resting  point  in  the  reaction  with 
soluble  stai'ch,  to  which  frequent  reference  has  been  made  in  previous 
papers,  is  extremely  well  marked ;  whei-eas  in  the  case  of  amylo- 
dextrin no  such  halt  is  apparent,  the  hydrolysis  progressing  uninter- 
ruptedly to  maltose. 

The  two  substances  are  compared  under  identically  similar  con- 
ditions, the  reaction  taking  place  in  the  cold. 


AND    ITS    RKLATIDN    TO    SOIAJIJLK    STAUCII. 


'imo  in  minutes. 

(1.) 
Soluble  starcli 

L"J.y3-86- 

2150° 

1 

202-2 

h 

1852 

10 

163-9 

15 

161-7 

20 

161-7 

30 

161-7 

60 

161-7 

Amylodcxtrin. 

[«].;3-S6- 

205-3° 

190-3 

178-7 

165-1 

153-5 

150-5 

150-5 

150-5 


Fig.  1.— Sliowing  tlio  Degradation  of  Soluble  Starch  and  Auijlodextrin  bj  Diasta^^o, 
under  similar  conditions. 


TIME  IN  MINUTES 


ISOLUSLE-Sl-ARCHi 


/^MMLODEXh-RlN   I 


[cQ  '61 .7 

I  1     -':-S6 


■I/J56    '50 --5 


It  is  very  evident  that  amylodextrin  cannof  contain  the  highly 
stable  amylin  or  dextrin  nucleus  which  constitutes  one-6fth  of  the 
soluble  starch  molecule,  and  which  is  capable  of  resisting  for  a  con- 
siderable time  the  action  of  diastase.  This  amylin-group  must  have 
been  hydroljsed  by  the  acid  during  the  long-continued  digestion. 

The  successive  chemical  changes  which  take  place  during  the 
transformation  of  the  starch-granules  into  amylodextrin  under  the 
action  of  dilute  acids  now  claim  our  attention. 

We  have  already  seen  that  the  first  step  is  the  conversion  of  the 
starch  substance  into  soluble  starch,  without  any  alteration  in  its 
organisation. 

VOL.  LV.  2    K 
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We  give  below  the  details  of  the  analysis  of  the  residual  starch  at 
various  stages,  and  also  the  effect  of  "degrading"  these  residues, 
that  is,  of  hvdrolysing  them  with  diastase  until  the  point  of  equili- 
brium is  reached.  If  we  bear  in  mind  that,  under  these  circumstances, 
soluble  starch  is  degraded  to  a  point  at  which  the  mixed  products  of 
transformation  have  a  composition  of — 

Maltose 80'9  1  correspond-  f  [a] ^3.^6. .. .      162"6° 

Dextrin  19-1 J       ing  to       I  k^.^ 493 


100-0 


and  that  amylodextrin,  on  the  other  hand,  is  degraded  down  to 
viaUose,  it  will  be  evident  thnt  the  results  indicate  a  slow  and  gradual 
hvdrolysis  of  the  first  formed  soluble  stai-ch  to  amylodextrin. 

Analysis   of  Residual    Substance   after    Digestion  of  Fotato-starch  for 
different  periods  in  Hydrochloric  Acid  0/  11  per  cent. 

(1.)   After  48  hours. 

W,-3.86   216-0'' 

*:3.86 O06 

After  degradation  ■with  diastase. 

[a]j3.p,. .      162-06°     Maltose..      81-41  "1     re-     f  [a]>,G.  •      162-2^ 
Ka.ge  ....         49-66        Dextrin  .      18-59  J  quires  1  ^3.30  ....        49-66 

At  this  stage  the  residue  consisted  of  almost  pure  soluble  starch, 
yielding  almost  exactly  the  theoretical  numbers  on  treatment  with 
diastase.  The  granules  still  retained  their  organisation,  and  were 
coloured  a  deep,  pure  blue  with  iodine. 

(2.)  After  12  days. 

[«],-3.86 209-2° 

fa-se 2-78 

After  degradation  -wit]!  diastase. 
M,3.8...      161-6°      Maltose..      87-7 1     re-     f  M.-g-sc  •  •      158-1° 
ics.tfi 53-52     Dextrin  . .      12-3  J  quires  \  k,.^, 53-52 


loo-o 


The  granules  were  unaltered  in  raicroscopical  appearance.     Iodine 
coloured  them  a  reddish-purple. 
(3.)  After  21  days. 

W>86 210-2" 

^3  86 324 
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After  degradation  witli  diastase. 
[«]>....      16r2°      Maltose..      8.r771      re-      (■[«]>,„..       1.59-8° 
<C3.86 52-32     Dextrin..      14-2;}  /  quires  | /ca.M 52-;32 

100-00 

Nearly  all  the  grannies  Imd  split  across  their  shorter  diameter,  anil 
were  coloured  a  light  reddish-brown  by  iodine. 
(4.)  After  33  days. 

[a]>8G 208-4° 

*-3-86 44 

After  degradation  with  diastase. 
[a]>H6..      160-7°      Maltose..      90-n      re-      f  [*];>-«.  .      156-.^.° 
K3.S6  ....        54-96    Dextrin. .        99  J  quires  \  K3.S6  ....        54-9G 


100-0 


Iodine  reaction  the  same  as  in  (3),  but  some  of  the  granules  began 
to  show  signs  of  disintegration. 
(5.)  After  66  days. 

[a:]/i-P6 205'5'' 

*:3-86 6-05 


After  degradation  ■with  diastase. 
[«];3.8«..      157-2°      Maltose..      92-051     re-     f[«]>sr,..      155-2° 
*-3.e6  ....        56*15     Dextrin. .        7-95  f  quires  \  /cs.ne  ....        56-15 


All  the  granules  were  at  this  stage  strongly  acted  upon,  and 
showed  marked  signs  of  disintegration  along  their  Hues  of  stratifica- 
tion. 

(6.)   After  100  days. 

[«]i3.86 206-0° 

K3.S6 6-95 

After  degradation  with  diastase. 
M;3.8«. .      1-57-3°     Maltose..      92-241     re-     f  [cc]  j,.,c,. .      155-2° 
A.-3.86  ....         56-27     Dextrin  .         7-76  J  quires  \  K^.f^a  ....         56-27 


100-00 


The  granules  at  this  stage  had  been  so  far  disintegrated  as  to 
retain  but  little  of  their  original  form. 

It  is  evident  that  even  after  100  days'  digestion  the  experiment  had 
not  been  carried  on  sufficiently  long  to  convert  the  whole  of  the 
soluble  starch  into  amylodextrin,  and  a  subsequent  examination  of 
the  product  confirmed  this. 

2  K  2 
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It  is  probable  that,  under  the  conditions  of  the  exnerinvent,  a 
period  of  from  five  to  six  months  is  necessary  for  the  complete  con- 
version. We  have  already  described  the  properties  of  the  substance 
yielded  by  a  digestion  of  several  years,  but  we  will  again  introduce 
the  numbers  obtained  for  the  sake  of  comparison. 

(7.)  After  8i  years. 

W>sB 207-9^ 

^-3-86 9-09 


After  degradation  with  diastase. 
[«],Vs6..      153-3^      Maltose..      97-0 1     re-      f  [a.']  j,.,,. .      U>2-0° 
59-18     Dextrin  . .        3-0  J  quires  1  k^.,, 5'J-18 


^3-S6 


100-0 


On    dissolving    in   water    and    reprecipitating    with    alcohol,    pure 
amylodextrin  was  obtained. 

After  degradation  with  diastase. 

[a],3.,e.-      205-3°  [.]>...      151-7^^    X^^j^^^^_ 


«^i.!*6 


9-92  K,.^ 61-54 


On  examination  of  the  acid  solution  (dilute  H2SO4)  which  had  been 
in  contact  with  the  starch  for  8^  years,  it  w^as  found  to  contain  an 
amount  of  substance  corresponding  to  about  40  per  cent,  of  the 
original  weight  of  starch  taken.  That  this  substance  was  dextrose  is 
shown  by  the  following  analysis,  which  was  made  after  neutralisa- 
tion of  the  acid  in  the  cold  with  barium  carbonate  :  — 

Found.  Dextrose  requires. 

W>8e 57-36  58-6" 

-C3.86 97-49  100-00 

The  dextrose  was  readily  separable  by  crystallisation. 


General  Conclusions. 

(1.)  One  of  the  final  products  of  the  action  of  dilute  mineral  acids 
upon  ungelatinised  starch  in  the  cold  is  the  ami/lodextrin  described 
by  W.  Nageli  in  1874. 

(2.)  Although  its  composition  may  be  expressed  in  terms  of 
maltose  and  dextrin,  amylodextrin  is  not  a  mixture  of  these  sub- 
stances, but  is  a  well-defined  chemical  substance.  This  is  shown 
(a)  by  its  absolute  unfermentability  with  the  ordinary  yeast  of  the 
top  fermentation  ;  (b)  by  the  impossibility  of  differentiating  it  by 
fractional  precipitation  or  partial  solution;   (c)  by  its  passage  through 
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the  dialyser  in  uii  unaltered  form  ;  and  {d)  by  its  distinct  crystalline 
nature. 

(3.)  Amylodextrin  does  not  possess  the  optical  properties  ascribed 
to  it  by  its  discoverer.  Its  speciBc  rotatory  power  is  [ajja-bc  = 
200-11°,  instead  of  [a]  =  1?.')°  to  177°,  as  stated  by  Nii<-eli.  Its 
power  of  reducing  cupric  oxide  is  represented  by  k^.^s  =  9'Uy. 

(4.)  In  composition,  amylodextrin  is  analogous  to  the  maltodextrin 
we  have   previously  described   (Trans.,  1885,   47,  528).     It   may  be 

r  r*  H  o 

represented  by  the  formula  <  ./,'■  ff  ,^  .  ,  that  is,  as  constituted  of  one 

amylon-  or  maltose-group  in  combination  with  six  amylin-  or  dextrin- 
groups.  The  molecular  weight  found,  by  Haoult's  method  is  entirely 
in  accordance  with  this  formula. 

(5.)  Amylodextrin,  like  maltodextrin,  is  hydrolysed  by  diastase 
immediately  to  maltose  without  any  indications  of  a  resting  point  in 
the  reaction ;  it  cannot,  therefore,  contain  the  stable  amylin  nucleus 
which  constitutes  one-fifth  of  the  molecule  of  soluble  stai'ch,  and 
which  is  only  with  difficulty  attacked  by  diastase. 

(6.)  Amylodextrin  is  an  entirely  difFerent  substance  from  soluble 
starch,  with  which  it  has  been  confounded  by  most  observers. 

(7.)  When  ungelatinised  starch  is  acted  upon  by  dilute  mineral 
acids  in  the  cold,  the  first  action  is  to  convert  the  starch-substance  of 
the  granules  into  soluble  starch  ;  this  is  then  gradually  hydrolysed 
to  ami/lodextrm,  a  portion  at  the  same  time  going  into  solution,  and 
being  ultimately  found  as  dextrose. 

Note. — The  insoluble  portion  which  remains  after  the  treatment  of 
starch-paste  with  malt-extract  in  the  cold,  has  been  erroneously  con- 
sidered by  A.  Meyer  to  be  identical  with  amylodextrin.  ("  Ueber  die 
wahre  Natur  von  Nageli's  Starkecellulose,"  Botan.  Zeit.,  1886,  356.) 
This  substance  was  fully  described  by  one  of  us  and  Heron  some  years 
ago  {Chem.  Sac.  J.,  35,  Gil,  1879),  and,  following  Nageli,  we  regarded 
it  as  starch-cellulo.se.  The  properties  of  the  so-called  staix'h-cellulo.se 
are  entirely  different  from  those  of  amylodextrin,  as  will  be  seen  by 
reference  to  the  paper  just  quoted ;  but  whether  we  are  to  consider  it 
as  a  true  cellulose,  pre-existent  in  the  starch-granule,  or  as  a  trans- 
formation product  of  the  starch  substance,  is  a  question  which  we 
must  for  the  present  leave  an  open  one. 
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XLV. — The  Determination    of  the    Molecular    Weights    of  the    Carho- 
hydrates.     Part  II. 

By  Horace  T.  Brown,  F.R.S.  and  G.  Harris  Morris,  Ph.D.,  P.I.C. 

In  the  first  part  of  this  paper  (Chcm.  Soc.  J.,  Trans.,  1888,  53, 
GIG),  -sve  laid  before  the  Society  the  results  which  we  had  obtained 
by  the  application  of  Raoult's  method  to  the  determination  of  the 
molecular  weights  of  some  of  the  carbohydrates,  and  showed  how  the 
numbers  obtained  were,  generally  speaking,  in  close  accord  with  those 
commonly  accepted  as  expressing'  these  values,  and  also  that  the 
method  was  capable  in  some  cases,  notably  in  those  of  arabinose  and 
faffinose,  of  deciding  between  the  two  or  more  donbtful  formulae. 

During  the  last  year,  Raoult's  method  has  been  largely  employed 
by  chemists  for  very  varied  classes  of  compounds,  and  where  it  has 
been  possible  to  compare  the  results  with  those  obtained  bj^  the 
vapour-density  method,  there  has  been,  on  the  whole,  such  a  remark- 
able correspondence  as  to  justify  an  increased  confidence  iti  the  wide 
applicability  of  the  method. 

Almost  simultaneously  wnth  the  appearance  of  our  first  paper, 
Tollens  and  Mayer  {Ber.,  21,  1566,  1888)  determined  the  molectdar 
weights  of  raffinose,  dextrose,  cane-sugar,  and  milk-sugar  by  the 
freezing  method,  and  arrived  practically  at  the  same  numbers  as  we 
have  given  for  those  compounds.  Tollens,  Mayer,  and  Wheeler  have 
also  more  recently  (Ber.,  21,  3508,  1888)  confirmed  our  numbers  for 
arabinose,  and  have  determined  the  molecular  weight  of  xylose. 

De  Vries  {Compt.  rend.,  106,  751,  and  Zeit.  physikal.  Ghein.,  2,  431) 
has  applied  successfully  to  raffinose  a  totally  different  method,  which 
i.s  based  upon  a  determination  of  the  osmotic  pressure  of  solutions. 
The  investigations  of  De  Yries  and  Van't  Hoff  have  shown  that 
solutions  of  similar  osmotic  pressure  have  the  same  freezing  point  and 
the  same  vapour  pressure.  Such  solutions  are  said  to  be  isotonic  to 
each  other.  De  Vries  determines  the  molecular  weight  of  a  given 
substance  by  comparing  its  isotonic  concentration  with  that  of  another 
substance  of  known  molecular  weight,  and  belonging  to  the  same 
osmotic  group.  The  isotonic  concentration  is  measured  in  a  very 
beautiful  manner  microscopically,  by  determining  the  strength  of  solu- 
tion necessary  to plasmolyse  certain  turgescent  vegetable  cells ;  that  is,  to 
cause  a  separation  of  the  protoplasmic  membrane  from  the  cell-wall  by 
outward  diffusion  of  the  water  of  the  cell-sap  into  the  solution  undei 
experiment.  la  this  manner,  De  Vries  has  obtained  for  rafiinose 
numbers  indicative  of  a  molecular  weight  of  596' 7,  almost  the  theo- 
retical   reqiairements  of   the  formula   Ci8H320i6,oH20,  and   agreeing 
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very  closely  with  the  resul-t.s  we  obtuined  for  raffiuose  by  the  freezing 
method. 

We  have  now  to  describe  the  results  obtained  by  a  further  exiinii- 
uation  of  certain  substances  belonging  to  the  group  of  cai-bohydrates. 

The  method  ot"  experiment  was  substantially  the  same  as  that 
described  in  the  first  part  of  this  paper.  We  have  used,  however,  in 
our  later  experiments  a  thermometer  graduated  to  g\y  of  a  degree 
centigrade,  and  cajjable  of  being  read  accuratel}'  to  O'UO-i  of  a  degree. 

Galactose,  CgHioOo,  M  =  180. 

This  sugar  is  one  of  the  products  of  the  hydrolysis  of  milk-sugar, 
CioHjoOii,  Avith  dilute  acid,  the  other  product  being  dextrose. 

It  was  crystallised  from  alcohol  and  dried  in  a  vacuum.  For  a 
solution  containing  10  grams  of  galactose  per  100  c.c.  we  found  — 

[a]^-  at  19"  C 89-47° 

[«]b  at  19"  C 80-69 

Freezing  point  of  water  used  +0-060°. 

kSirength  of  solution  10-000  grams  galactose  in  93-87  grams  water. 

E.*                        C.  A.  M. 

-1-090°  1-150°  0108  176 

-1-080  1-140  0-107  177-5 

-1-OSO  1-140  0-107  177-5 

Calculated  for  Found 

CgHjoOg.  (mean). 

A 0-106  0-1U73 

M 180-0  1770 

Imdin,  wCeHioOo,  or  CseHejOji. 

The  formula  which  has  been  usually  accepted  for  inulin  is  jiC^HioOa, 
but  the  careful  researches  of  Kiliani  (^Aiwalen,  205,  145)  certainly 
indicate  that  it  yields  on  combustion  a  smaller  amount  of  carbon  and 
a  larger  amount  of  hydrogen  than  is  compatible  with  this  formula. 
His  numbers  for  the  pure  substance  dried  at  lUO — 130°  are  extremely- 
concordant,  and  are  given  in  great  detail  in  his  paper.  They  point 
unmistakably  to  a  formula  whose  simplest  expression  is  C36Hg203i 
or  GCeHioOs  +  HjO,  and  this  composition  is  unaltered  even  after 
drying  at  130"  in  a  stream  of  hydrogen. 

The  results  obtained  by  treating  inulin  by  Raoult's  method  are  as 
follows,  the  substance  having  been  previously  dried  at  100°  until  it 
ceased  to  lose  weight. 

*  For  explanation  of  these  headings,  see  first  part  of  tlus  paper  (Trans.,  1888, 
53,  61-1). 
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Freezinp;  point  of  water  used  +0'060°. 
15'079  grams  iuiilin  in  91  "9  grams  water. 

E.  C.  A.  M. 

-0-084'         0-144"       0-0088        2159 

A    second    determination    was   made   after  further   purifying   by- 
solution  in  water  and  precipitation  by  alcohol. 
Freezing  point  of  water  used  +0-120°. 
17-614  grams  inulin  in  105-?  grams  water. 

E.  C.  A.  M. 

-0-024°  0-144"  0-0086  2209 

-0-026  0146  0-0088  2159 

Molecular  weight 
calculated  for 

CaeHeoOa,  M 990-0 

2C36H62O3,  M 1980-0 

SCaeHeaO^,  M 2970-0 

Our  experiments,  we  consider,  justify  lis  in  attributing  to  inulin  a 
formula  represented  by  twice  that  given  by  Kiliani,  that  is,  2C36H63O31. 

We  have  already  drawn  attention  in  a  previous  paper  to  the  great 
similarity,  as  regards  their  physical  properties,  between  amylodextrin 
and  inulin.  We  now  know  that  they  are  compounds  possessing 
approximately  the  same  molecular  weight,  and  from  a  consideration 
of  all  the  facts,  we  are  inclined  to  regard  inulin  as  a  substance  closely 
analogous  to  amylodextrin  in  its  composition,  and  should  attribute  to 
the  two  compounds  the  following  formulae  : — 


(CioHjoOio)4  t  (Ci2Ho,|0,o)fi 

Inulin.  Amylodextrin. 

M  =  1980.  M  =  2286. 


The  fanylin-  and  amylon-groups  in  the  two  compounds  possess 
very  different  optical  properties,  and  behave  differently  with  reg;ii'd 
to  cupric  reduction.  The  ultimate  products  of  hydrolysis  with  dilute 
acids  are  also  very  different,  being  in  the  one  case  levulose  and  in  the 
other  dextrose.* 

For  the  details  of  the  det elimination  of  the  molecular  weight  of 
amylodextrin  we  must  refer  to  the  previous  paper. 

*  If  our  views  on  these  points  are  correct,  it  would  follow  that  inulin  is  a  pro- 
(hicfc  of  hydrolysis  of  an  unknown  carbohydrate,  and  stands  in  thu  same  general 
relation  to  this  substance  as  does  amylodextrin  to  starch.  That  inulin  is  not 
directly  hydrated  to  levulose  by  dilute  acid,  but  that  a  series  of  intermediate  com- 
pounds is  produced,  is  rendered  highly  probable  by  tlie  experiments  of  Dragendorif, 
and  more  recently  by  those  of  Green  {Ann.  Bot.,  18Sb). 
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Maltodexfrln,  I  ^')<^^^^  .    "I ,  M  =  990. 

In  a  previous  paper  (Trans.,  1885,  500),  we  have  described  this 
compound  as  occurring  amongst  the  transfoi-mation  products  of  starch 
when  the  action  of  the  hydrolysing  agent,  diastase,  is  limited. 

The  specific  rotatory  and  cupric  reducing  powers  of  pure  malto- 
dextrin  are  represented  by — 

[»]jy^ 193-1° 

fc'3-8G       211 

and  we  were  led  to  consider  it  as  being  made  ap  of  one  amy  Ion- group 
in  combination  with  two  amyliu-gi-oups. 

A  determination  of  the  molecular  weight  of  maltodextrin  by 
Raoult's  method  is  entirely  in  accordance  with  this  view,  as  is  shown 
by  the  following  results  : — 

Freezing  point  of  water  used,  0'060°. 

Strength  of  solution,  8"6114<  gi-ams  maltodextrin  in  9471  grams 
water. 

E.  C. 

-0-118°  0-178" 

-0-120  0-180 

-0-1-20  0-x80 

Calculated  for 
J  C,2H,,0„ 

t  (c,2a,oO,o). ' 

A  0-0191 

M 0-990 

StarcJi,  «(CioH,oOi„). 

Owing  to  the  very  viscid  natui-e  of  starch-paste,  and  the  great 
increase  in  this  viscosity  at  low  temperatui-es,  it  is  absolutely  impossi- 
ble to  apply  to  it  Raoult's  method.  Our  direct  experiments  on  this 
carbohydrate  were  consequently  limited  to  the  modification  known  as 
soluble  starch,  which  was  prepared  in  a  pui-e  state  by  Liutner's  method, 
referred  to  in  our  paper  on  amylo-dextrin. 

Notwithstanding  the  complete  limpidity  of  solutions  of  soluble 
starch  at  ordinary  temperatures,  these  also  become  viscid  on  cooling 
to  0°,  if  they  are  of  any  considerable  degree  of  concentration,  and  it 
was  consequently  found  impossible  to  operate  with  a  solution  contain- 
ing more  than  3-5  grams  per  100  c.c. 

Although  separate  experiments  gave  fairly  concordant  values  for  A 
of  about  0-0009  corrected,  which  corresponds  to  a  molecular  weight 
of  20,000  to  30,000,  the  errors  of  expei-iment  bear  so  large  a  propor- 


A. 

M. 

0-0195 

974 

0-0198 

960 

0-0198 

960 

Found 

(mean) . 

0-0197 

0-965 
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tion  to  the  observed  readings  that  it  is  iinpossible  to  ph\ce  any  great 
amount  of  dependence  on  the  results,  no  matter  how  carefully  the 
experiments  are  conducted. 

There  also  seemed  a  possibility  that  the  method  was  not  applicable 
to  substances  of  such  a  highly  colloid  nature  as  starch. 

In  order  to  throw  some  light  upon  this  last-named  point,  we  made 
Rome  experiments  with  another  colloidal  body,  an  arabinic  acid 
possessing  a  right-handed  rotation  of  [«]j  :=  61"  16°.  This  gave  the 
following  results : — 

Freezing  point  of  water  used,  +0'060. 

li'928  grams  arabinic  acid  in  92"50  grams  Avater. 


E. 

C. 

A. 

M. 

-0-310° 

0-340° 

0-0263 

722 

-0-315 

0-345 

0-0267 

712 

We  see  that  arabinic  acid,  a  substance  with  strongly  marked 
colloidal  properties,  has  a  marked  influence  in  lowei'ing  the  freezing 
point;  hence  it  seemed  probable  that  the  small  influence  observed  in 
the  case  of  soluble  starch  is  really  due  to  the  large  size  of  its 
molecule. 

Since  it  is  impossible  to  obtain  with  soluble  starch  in  a  direct  way 
any  numbers  which  can  be  regarded  as  even  fair  approximations  to 
the  truth,  we  were  necessarily  driven  to  more  indirect  methods,  which 
have  afforded  more  satisfactory  results. 

When  the  complex  molecule  of  starch  is  broken  down  by  diastase 
under  the  conditions  most  favourable  to  its  complete  hydrolysis,  we 
have  shown  that  a  point  of  equilibrium,  or,  speaking  more  strictly,  a 
resting  point  in  the  reaction  is  reached,  when  the  amount  of  dextrin 
produced  corresponds  to  one-fifth  by  weight  of  the  amount  of  starch 
taken;  that  is,  when  the  mix;ed  products  have  [«] J3.86  =  1626°  and 
^-,.„e  =  49-3. 

This  reaction  is  expressed  in  its  simplest  form  by — 

5Ci,H,oO,o  -r  4H,0  =  C,oH,„0:o  +  4C„H,,0n. 
Starch.  Dextrin.  Maltose. 

If  the  production  of  maltose  and  dextrin  during  hydrolysis  is  to  be 
considered  as  due  to  a  molecular  degradation  of  the  starch,  and  we 
think  the  evidence  in  favour  of  this  is  almost  conclusive  ;*  then,  no 
matter  what  view  we  may  take  of  the  actual  manner  in  which  this 
degradation  takes  place,  we  cannot  escape  from  the  conclusion  that 
the  moltcule  of  the  stable  dextrin  of  the  above  equation  is  one-fifth  of  the 
size  of  the  soluble  starch  Tnolecule  from  which  it  has  been  derived. 

*  Cf.  Appendix  to  this  paper. 
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If,  then,  we  can  establish  the  .size  of  the  molecule  of  this  lowest  and 
niosfc  stable  dextrin  we  can  indii-ectiy  deterniiue  the  size  of  tlie  starch 
molecule.  Our  endeavours  have  consequently  been  directed  towards 
determining  this  point,  and,  as  will  be  seen,  not  without  success. 

A  conversion  of  starch  with  diastase  was  allowed  to  run  down  to 
its  lowest  limit,  as  stated  above,  and  the  resulting  dextrin  was 
separated  by  repeated  precipitation  with  alcohol  until  the  greater  part 
of  the  maltose  had  been  removed.  On  analysis  tlie  dextrin  gave  the 
following  number.s  : — 

[«]^-3.86  • .      ^09-3"     Maltose. .        8-lG  T      re-       f  [«].;...«. .      210-6° 
K^.^c  ....  "i'SB     Dextrin..       91\S-i  J  quiring  1 ''j-w;.  ..  .  "I'lr^B 


100-00 

A  freeze  was  made  with  this  dextrin. 

Freezing  point  of  water  used  +0-()G0''. 

(1.)   6-788  grams  of  dextrin  in  95-'J0  grams  of  water. 

E.  C.  A.  A'.*  M. 

+  0-008°         0-052"         0-0073         00U31         6383 

*  A'  reproscuts  the  coefficient  of  depression  of  the  dextrin  after  correction  for 
the  maltose  present.  This  mode  of  correcting  the  results  can  of  course  only  be 
accurate  if  the  total  effect  of  a  mixture  of  substances  in  depressing  the  freezing 
point  is  the  sum  of  the  eli'ect  of  each  constituent  taken  separately.  This  has  already 
been  shown  to  be  the  case  by  Raoult,  but  it  seemed  advisable  to  confirm  it  for  the 
carbohydrates. 

Solutions  were  made  of  (1)  dextrose,  (2)  cane-sugar,  and  (.3)  a  mixture  of  these 
two  substances. 

(] .)   Dextrose. 
Freezing  point  of  water  used,  +0-085.^ 
11-295  grams  in  93-OG  grams  water. 

E.  C.  A.  M. 

-1-255°  1-340"  0110  173 

(2.)   Cane-sugar. 
13-717  grams  in  91-57  grams  water. 

E.  C.  A.  M. 

-0-820°  0-905°  0-060  316 

(3.)   Dextrose  and  Cane-sugar. 

5-647  grams  dextrose      1  .     „.,  „„ 

°  >  ni  92-32  grams  water. 

6-808       „      cane-sugar  J 


12  505 

E. 

0. 

A'. 

M'. 

-1-040° 

1125° 

0-083 

231 

Value  of  M'  calculated  from  actual  molecular  weiglit  of  constituents  . .      260-8 
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(2.)   17v58  grams  of  same  dextrin  as  in  (1),  in   89*29  grams  wa>er. 

E.                 C.  A.  A'.  M. 

-0-088°  0-148°  0-0074  0-0081  6130 

-0-088  0-148  0-0074  0-0031  6130 

-0-088  0-148  0-0074  0-0031  6130 

Another  low  dextrin  prepared  in  a  similar  manner  gave  the  follow- 
ing results : — 

Analysis. 
[a]j3.s6..      211-3°       Maltose..        9-7-1       re-       f  [a] ;,.,,. .      209-5° 
K-i.^  ....  5-87      Dextrin. .      903  j  quiring  1  ic-i.^  ....  5-87 


100-0 


Freezing  point  of  water,  +  0-060°. 

20-743  grams  dextrin  in  87-50  grams  water. 

E.                   C.                    A.                  A'.  M. 

-0-130°-  0-190°  0-0080  0-0030  6333 

-0-135  0-195  0-0082  0-0032  5937 

-0-130  0-190  0-0080  0-0030  6333 

Another  low  dextrin  prepared  in  a  similar  manner  gave — 

Analysis. 

H/3-.6. .      208-6°     Maltose..        9-061      re-       f  [«],.„.,. .      211*1° 
K's.ys  ....  5-53     Dextrin    .      91-94  /  quiring  1  Ki.^c  •  •  • .  553 

100-00 

Freezing  point  of  water,  +0-060°. 

30-2217  grams  dextrin  in  81-78  grams  water. 


E. 

c. 

A. 

A'. 

M. 

0-250° 

0-310° 

0-0078 

0-0030 

6333 

0-250 

0-310 

0-0078 

0-0030 

6333 

The  mean  value  of  M  in  these  experiments  with  the  lowest  dextrin  is 
6221,  and  the  numbers  obtained  have  but  a  small  range  on  either 
side  of  this  mean.  The  formula  20Ci2H2,iOio  requires  a  molecular 
weight  of  6480  ;  and  we  think  the  experimental  evidence  quite 
justifies  us  in  adopting  this  value. 

The  formula  of  soluble  starch  would  consequently  be  represented 
by  five  times  the  above,  that  is,  5(Ci2H2oOir)2n,  and  the  molecular 
weight  by  32,400. 

This  is  quite  in  accordance  with  the  approximation  obtained  in 
a  direct  way  with   soluble  starch,  where,  it  will   be  remembered,  we 
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obtained  iiulic-atiou.s  of-  a  luuleciilar  weight  .somewhere  between 
•2(J,000  and  30,OOU. 

We  have  now  to  couaider  if  Raoult's  method  is  able  to  throw  any 
light  on  the  relations  of  the  dextrins  to  each  other,  as  it  is  a  matter 
of  the  highest  theoretical  inipoi-tance  to  determine  whether  these 
bodies  constitute  a  series  of  polymers,  or  whether  they  stand  merely 
in  metameric  relation  to  each  other. 

In  order  to  determine  this  point,  we  have  prepared  a  number  of  the 
higher  dextrins  proceeding  from  starch-transformations  which  had 
been  stopped  in  an  early  stage  of  hydi-olysis. 

It  will  be  unnecessary  to  give  the  full  details  of  every  experiment  ; 
the  tbllowing  may,  however,  be  quoted  as  an  example  : — 


Analysis. 

Wys-se.  . 

210-7 

Maltose  . .        2.3  1 

re- 

fs-M  .  •  •  • 

1-4 

Dextrin..       97-7  J 

quiring 

r  H/i.s6 

I   '■•3-fG   .   . 


H;:,.s6. .      214-4' 
1-4 


luu-u 


On   degrading  a  solution  of  this  dextrin  with  a  little  diastase,  we 
obtained — 


[a];;,.s6. .      171-1°      Maltose..      72-2  j      re-      f  [a]>B6.  •      168-34° 
ATa.gfi  ....        44-04      Dextrin  .      27-8  J  quiring  1  k.^..^  ....        44-04 


100-0 

100  parts  of  the  original  dextrin  have  consequently  yielded  on 
degradation  to  the  lowest  point — 71-5  parts  of  maltose.  This  corre- 
sponds to  a  mean  position  of  the  dextrin  of  between  (3)  and  (4)  of 
our  table  (see  Trans.,  1885,  47,  543)  ;  that  is,  to  a  dextrin  pro- 
ceeding from  a  starch-transformation  whose  mixed  products  have 
about  [flt]_;3.86  =  190"  and  k-^.^^  =  24-0. 

If  this  dextrin  is  a  pol^-mer,  or  a  mixture  of  polymers  of  the  lowest 
dextrin,  its  molecular  weight  or  mean  molecular  weight,  as  the  case 
may  be,  ought  to  be  3^  times  as  great  as  that  of  the  lowest  dextrin ; 
that  is,  3^  X  6480  =  22,680. 

Let  us  now  see  how  this  dextrin  behaves  when  treated  by  Raoult's 
method. 

Freezing  point  of  water  used,  +0085^. 

33-4005  grams  dextrin  in  77-96  grams  w'ater. 


E.* 

c. 

A. 

A'. 

M. 

0-100^ 

0-18.5° 

0-0043 

0-0031 

6130 

0-100 

0-185 

0-0043 

0-0031 

6130 

*  The  correction  for  A  has  been  made  on  the  assumption  that  the  small  quantity 
of    reducing    matter    is    lualtose.     If,  however,  it  mav  be  thought  in    these    high 
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111  the  accompanying  table,  we  give  the  experimental  results  oVi- 
tained  on  submitting  some  of  the  dextrins  to  the  freezing  method. 
The  position  occupied  by  each  dextrin  in  the  series,  as  measured  by 
its  maximum  degradation  with  diastase,  is  given  in  the  sixth  colnrau. 

A  comparison  of  the  results  obtained  with  the  so-called  high  and  low 
dextrins  points  unmistakably  to  the  conclusion  that  Raoalt's  method 
affords  no  evidence  of  there  being  any  difference  in  molecular  size 
between  the  high  and  the  low  dextrins  ;  in  fact,  the  numbers  ob- 
tained with  dextrins  occupying  very  different  positions  in  the  series 
are  strikingly  identical.  It  must  be  remembered,  however,  that  at 
present  our  knowledge  of  the  behaviour  of  polymers  when  submitted 
to  this  method  is  not  sufficiently  advanced  for  us  to  say  with 
certainty  that  it  is  applicable  to  a  determination  of  molecular  aggre- 
gates such  as  we  imagine  the  dextrins  to  be. 

It  has  been  suggested  by  Armstrong  {Brit.  Assoc.  Rep.,  1888, 
357)  that  Raoult's  method  may,  after  all,  only  afford  evidence  of 
molecular  complexity  when  some  atomic  rearrangement  has  taken 
place,  as  in  the  case  of  aldehyde  and  paraldehyde  ;  and  that  it  may 
not  give  any  indication  of  the  size  of  a  molecular  complex  formed 
by  the  mere  juxtaposition  of  molecules.  We  think,  however,  that 
this  criticism  of  the  applicability  of  the  method  scarcely  touches  the 
case  with  which  we  are  dealing,  and  for  the  following  reasons : — 

As  far  as  our  present  knowledge  goes,  there  is  not  the  slightest 
evidence  to  indicate  that  the  mode  of  connection  between  the  amylin- 
groups  of  soluble  starch  differs  in  kind  from  that  between  the  amylin- 
groups  of  the  dextrins — supposing  these  last  to  be  polymers.  If  there 
is  atomic  rearrangement  in  one  case,  there  is  no  reason  why  it 
should  not  be  present  in  the  other ;  if,  on  the  other  hand,  it  is  a 
mere  iuxtaposition  of  molecules  in  one  case,  why  not  in  the  other  ? 
In  fact  there  is  every  reason  to  believe  that  the  mode  of  union  between 
the  component  groups  would  be  the  same  in  both  cases.  If,  therefore, 
Raoult's  method  gives  us  direct  evidence — as  it  undoubtedly  does — of 
a  great  difference  in  molecular  size  between  soluble  starch  and  the 
dextrins,  we  should  also  expect  it  to  indicate  differences  in  the 
molecular  size  of  the  dextrins  themselves,  if  these  really  existed, 
and  if  the  dextrins  are  produced  by  a  gradual  breaking  down  and 
decrease  in  size  of  the  starch-molecule,  with  polymerisation  of  the 
residual  amylin-groups. 

That  Raoult's  method  does  not  indicate  these  differences,  when  the 
various  dextrins  are  treated  by  it,  goes  in  our  opinion  a  long  way 

dextrins  to  be  due  wholly  or  in  part  to  maltodextrins,  the  corrected  value  of  M  for 
the  dextrin  will  be  somewhat  smaller  than  that  given  ;  consequently,  the  arguments 
based  upon  this  and  the  following  experiments  are  not  in  any  way  altered  by  the 
fact. 
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towards  proving  that,  after  all,  the  dextiins  are  metameric  and  not 
polymeric.  If  this  is  admitted  as  even  probably  correct,  it  becomes 
necessary  to  consider  how  far  our  previous  views  on  the  breaking 
down  of  the  starch-molecule  must  be  modified  in  order  to  include  the 
new  facts. 

In  a  previous  paper  by  one  of  us  and  Heron  (Trans.,  1879,  35, 
646),  we  considered  that  the  very  simplest  formula  which  could  be 
adopted  for  soluble  starch  was  IOC12H20O10,  and  that  during  hydrolysis 
by  diastase  each  of  these  10  amylin-groups  was  successively  removed 
in  the  form  of  maltose,  whilst  the  remaining  amylin-groups  poly- 
merised to  form  a  dextrin  of  gradually  decreasing  complexity — the 
last  dextrin  of  the  series  beingp  one-fifth  of  the  oricjinal  starch- 
molecule. 

In  a  more  recent  paper  (Brown  and  Morris,  Trans.,  1885,  47,  527), 
after  an  investigation  of  maltodextrin  and  a  determination  of  its 
relation  to  starch  and  the  dextrins,  we  noted  that  the  original  hypo- 
thesis was  insufficient  to  include  all  the  new  facts  which  were  then 
brought  forward,,  and  suggested,  as  a  useful  working  hypothesis,  an 
extension  of  the  original  idea,  stating,  at  the  same  time,  that  we 
were  far  from  regarding  it  as  final,  and  that  it  would  doubtless 
require  still  further  development  as  a  more  intimate  knowledge  of 
the  subject  was  gained. 

We  suggested,  in  the  paper  just  referred  to,  that  the  starch-molecule 
could  not  be  looked  upon  as  consisting  of  less  than  five  times  the 
ternary  group  (Ci2H2nOio)3.  We  were  still  inclined  to  believe  that 
the  action  of  diastase  in  hydrolysing  the  above  molecule  consisted 
in  successive  hydrations  and  removals  of  (Ci2H2oOio)3-groups  through 
maltodextrin  to  maltose,  whilst  the  dextrin  residues  polymerise  until 
the  hydrolj^sis  has  proceeded  so  far  as  to  reach  the  stage  of  the 
lowest  dextrin — which  only  undergoes  further  change  by  a  compara- 
tively slow  process  of  hydration. 

It  is  evident  that  the  above  views  require  considerable  modification 
if  the  so-called  high  and  low  dextrins  are  bodies  possessing  tlie  same 
molecular  weight,  and  we  have  now  to  consider  how  an  alternative 
hypothesis  can  be  framed  which  will  enable  us  to  explain  the  known 
differences  in  the  properties  of  the  dextrins  without  at  the  same  time 
regarding  them  as  polymers. 

O'Sullivan,  in  1879  (Trans.,  35,  783),  stated  his  belief  that  the 
breaking  down  of  the  starch  molecule  by  diastase  did  not  result  in  the 
successive  appearance  of  dextrin  molecules  becoming  smaller  at  each 
step,  and  "  that  we  have  not,  in  this  case,  to  do  with  a  series  of  poly- 
merides,  but  rather  with  a  series  of  bodies  of  the  same  molecular 
weight,  in  which  the  difference  in  their  behaviour  to  the  agent  under 
considerati<m   must  be  accounted  for  by  a  difference  of   relation  in 
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the  arrangement  of  the  molecules  to  one  another,  prohahhj  in  solution 
alone.^' 

O'Sullivan  regards  the  molecule  oi'  soluble  starch,  as  being  identical 
in  complexity  with  the  molecules  of  the  various  dextrins,  the  groups 
of  molecules  rearranging  themselves  during  the  transformation  so  as 
to  maintain  the  resulting  dextrin  molecule  always  oE  the  same  size. 
For  the  elaboration  of  this  hypothesis,  and  for  an  explanation  of  how 
this  rearrangement  is  supposed  to  take  place,  wc  must  refer  to  the 
original  paper  (loc.  cit.). 

The  new  facts  which  we  have  brought  forward,  whilst  confirming 
O'Sallivan's  view  as  to  the  identity  in  molecular  size  of  the  dextrins, 
indicate,  on  the  othci-  hand,  that  the  molecule  of  soluble  starch  must 
be  of  much  greater  complexity  than  that  of  the  dextrins,  and  that  we 
must  seek  for  some  other  explanation  of  the  phenomena  of  starch 
transformations  than  is  afforded  by  the  above  elaborate  hypothesis  of 
molecular  rearrangement. 

The  following  hypothesis  seems  to  us  to  be  more  in  accord  with  the 
facts. 

We  may  picture  the  starch-molecule  as  consisting  of  four  complex 
amylin-groups  arranged  round  a  fifth  similar  group,  constituting  a 
molecular  nucleus. 

The  first  action  of  hydrolysis  by  diastase  is  to  break  up  this  com- 
plex, and  to  liberate  all  the  five  amylin-groups.  Four  of  these  groups 
when  liberated  are  capable,  by  successive  hydrolysations  through  malto- 
dextrins,  of  being  rapidly  and  completely  converted  into  maltose, 
whilst  the  central  amylin  nucleus,  by  a  closing  up  of  the  molecule, 
withstands  the  influence  of  hydrolysing  agents  and  constitutes  the 
stable  dextrin  of  the  low  equation,  which,  as  we  know,  is  so  slowly 
acted  upon  by  subsequent  treatment  with  diastase.  The  four  readily 
hydrolysable  amylin-groups  we  look  upon  as  of  equal  value,  and  in 
their  original  state  these  constitute  the  so-called  high  dextrins,  which 
can  never  be  separated  completely  from  the  low  dextrin  by  any 
ordinary  means  of  fractionation. 

This  hypothesis  provides  for  intermediate  maltodextrins  or  amylo- 
dexti'ins  whose  number  is  only  limited  by  the  size  of  the  original 
amylin-group. 

Each  amylin-group  of  the  five  has  a  formula  of  (Ci3H2oOio)2o,  and 
a  molecular  weight  of  6480 ;  so  that  the  entire  starch-molecule,  or 
more  correctly  speaking,  that  of  soluble  starch,  is  represented  by 
5(Ci2HooOio)2o,  having  a  molecular  weight  of  32,400. 

An  attentive  consideration  of  all  the  facts  which  have  been  brought 
forward,  both  by  ourselves  and  others,  in  connection  with  the  trans- 
formation of  starch  by  diastase,  will,  we  think,  b1k)w  them  to  be  in 
accordance  with  this  view,  and  the  hypothesis  which  we  now  advance 
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is  sufficient  to  support  those  facts  and  to  give  some  soi't  of  explana- 
tion of  thorn,  whilst,  at  the  same  time,  it  may  serve  as  a  new  starting 
point  for  further  investigation. 

Appendix. 

The  gradual  diminution  in  the  molecular  weight  of  the  products  of 
hydrolysis  of  a  mixture  of  the  so-called  high  and  low  dextrins  is  well 
shown  in  the  following  experiment,  in  which  a  solution  of  the  dexti'ins 
was  treated  with  successive  small  quantities  of  diastase,  and  submitted 
from  time  to  time  to  Raoult's  method. 

Correction  has  been  made  for  the  amounts  of  diastase,  but  the 
"coefficient  of  depression  "  A  has,  in  each  case,  been  calculated  on 
the  original  amount  of  solid  matter,  thus  neglecting  the  fixation  of 
water  which  takes  place  as  the  hydrolysis  proceeds. 

11-1835  grams  of  substance  in  93-28  grams  water. 


;       E. 

C. 

A.               M. 

Before  addition  of  diastase +  0*035 

0-050^      i     0-0043     i     4418 

5  inins.  after  1st  addition  of  diastase      +0-000 

15             „                 .,                 „                -0-010 

15  hours  after  1st  addition  of  diastase     —0-255 

IG             .,                 „                 „                -0-265 

1  liom-  after  2nd  addition  of  diastase      —0  '350 

1              „       3rd  addition  of  diastase  ;    -0  -410 

0-060            0-0050          3800 
0-070            0-0058     '     3276 
0-315            0-02P3            722 
0-325            0-0272            698 
0-380            0-0318            597 
0  -410            0  -0343            554 
1 

XLVI. — liesearcJies  on  Silicon  Compounds  and  tJieir  Derivatives. 
Part  V.  On  Silicotetraplienylamide.,  Para-  and  Ortlw-silicotetratohjl- 
amides,  «-  and  ft-Silicotetranaph.tliylavtides. 

By   J.    Emkrson  Reynolds,    M.D.,   F.R.S.,    Professor  of   Chemistry, 
University  of  Dublin. 

In  former  communications  I  have  shown  that  silicon  tetrabromide  can 
combine  with  several  thiocarbamides  without  loss  of  halogen,  and 
form  highly  condensed  compounds  of  the  type — 

(CSN^HOgSiBr^ 

(Trans.,  51,  203,  and  53,  853). 

I  have  now  the  pleasure  to  lay  before  the  Society  an  account  of 
certain  interactions  with  amidic  compounds  in  which  silicon  bromide 
and  chloride  lose  all  their  halogen  and  afford  a  new  class  of  silicon- 
derivatives.     In  the  following  pages  I  shall  describe  the  pi'cparation 
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and  chief  properties  of  five  of  these  new  substances,  viz.,  silico- 
tetraphenylamicle,  para-  and  ortho-silicotetratolylamides,  a-  and 
/3-silicotetranaphthyhxmides. 

S'ilicotetraphenylamide. 

Wlien  silicon  tetrabroiuiile  is  added  to  excess  of  aniline  diluted 
with  3  to  4  vols,  of  benzene,  much  heat  is  evolved,  and  aniline  hydro- 
bromide  separates  out,  as  it  is  nearly  insoluble  in  benzene.  If  aniline 
b'j  in  excess  throughout  the  operation,  the  whole  of  the  halogen  pre- 
cipitates as  aniline  salt,  and  there  remains  in  solution  a  beautiful 
crystallisable  compound  which  is  silicotetraphenylamide.  If  the 
aniline  be  not  in  excess  throughout  the  operation,  a  bi'omo-com pound 
ap])ears  to  be  produced  analogous  to  Harden's  (Trans.,  51,  40) 
rather  ill-defined  chlorinated  product. 

Silicon  tetrachloride  acts  in  a  similar  manner  with  excess  of  aniline 
and,  being  less  costly  than  the  tetrabromide,  can  be  advantageously 
used  instead  of  the  latter  in  comparatively  large  operations.  The 
most  convenient  mode  of  preparing  considerable  quantities  of  the  new 
compound  with  the  aid  of  the  chloi-ide  will  appear  from  the  following 
detailed  account  of  an  experiment. 

A  mixture  of  100  grams  of  silicon  tetrachloride  with  twice  the 
volume  of  benzene  was  gradually  added  to  438  grams  of  pure  aniline, 
also  diluted  with  2  vols,  of  benzene.  Constant  agitation  was 
maintained  during  the  addition  of  the  chloride,  and  the  latter  was 
added  more  slowly  towards  the  end  of  the  operation.  The  product 
was  quickly  filtered  from  the  separated  aniline  hydrochloride  and  the 
latter  repeatedly  washed  Avith  fi-esh  benzene.  The  filtrate  was  then 
distilled  as  far  as  possible  from  a  water-bath,  and  finally  over  a  naked 
flame  at  100 — 105°,  in  a  current  of  dry  hydrogen,  to  remove  as  much 
benzene  as  possible ;  a  syrupy  liquid  was  left  after  this  treatment 
Experience  of  former  preparations  indicated  that,  while  the  liquid 
would  solidify  to  an  obscurely  crystalline  mass  after  some  days,  it  was 
better  to  pour  it  still  warm  into  an  excess  of  carbon  bisulphide,  with 
which  the  syrup  mixed  completely.  After  rapid  filtration  from  a 
little  aniline  hydrochloride,  which  was  separated  by  the  bisulphide, 
the  clear  solution  was  slowly  distilled  at  as  low  a  temperature  as 
possible  until  reduced  to  the  crystallising  point,  and  it  was  then  set 
aside  to  cool.  A  fine  crop  of  large,  transparent,  lustrous  crystals  of 
the  new  compound  separated,  and  the  mother-liquors  from  these 
afforded  a  further  supply,  so  that  rather  more  than  120  grams  were 
obtained  nearly  free  from  secondary  products,  of  which  thiocarbanilido 
is  the  most  troublesome.  It  was  subsequently  found  that  the  yield 
could  be  considerably  increased  by  the  addition  of  light  petroleum  to 
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the  motlier-liquors,  whicli  precipitates  small  crystals  of  the  tetramide 
from  its  solutions  in  carbon  bisulphide  or  benzene.  Two  crystal- 
lisations of  the  best  crops  from  fi-esh  bisulphide  yielded  the  new 
compound  in  a  state  of  piu-ity  and  in  fine,  coloui'less,  transparent 
crystals,  which  are  formed  at  the  surface  of  the  solution,  as  they  are 
specifically  lighter  than  the  liquid.  These  crystals  did  not  contain 
any  trace  of  chlorine. 

Products  of  different  operations,  which  had  been  three  times 
recrystallised  from  carbon  bisulphide,  were  used  in  the  following 
analyses : — 

I.  0-693  gram  gave  0-103  of  SiO,.     Si  =  6-93  per  cent. 
II.  0-7505  gram  gave  0-1115  of  SiOo.     Si  =  6-93  per  cent. 

III.  0-261  gram  gave  32-8  c.c.  of  N  at  16"  and  751  mm.     N  =  14-45 

per  cent. 

IV.  0-23  gram  gave  27  c.c.  of  N  at  11''  and  7(30  mm.     N  =  14-03 

per  cent. 
V.  0-2325  gram-  gave  0-138  of  H.,0  and  0-6185  of  CO^.     H  =  6-59 

and  C  =  72-55  per  cent. 
VI.  0-2212  gram  gave  0-127  of  HoO  and  059  of  CO..     H  =  Q-2,7  and 
C  =  72-73  per  cent. 

These  results*  agree  with  the  formula  — 

Si(NH-CcH5)4. 

Experiment. 

, . ^ 

Calculated.  I.  II. 

Si 7-07  6-93  6-93 

C    72-72  72-55  72-73 

H 6-06  6-59  6-37 

N 14-15  14-45  14-03 

The  reaction  which  ensues  when  the  silicou  haloid  is  gi-adually 
added  to  excess  of  aniline  is  therefore  represented  by  the  following 
equation : — 

SiCl4  +  SNHj-CgHs  =  SiCNH-CeHs)^  +  4NH,-C6H5,HC1, 

which  accords  with  the  weight  of  hydi-oehloride  separated  in  the 
reaction. 

Silicotetraphenylamide  when  pare  occui-s  in  fine,  colourless,  trans- 
parent   crystals,    which   have    been    siibjected    to    crystallographic 

*  It  was  observed  that  half  tlie  nitrogen  came  off  readily  from  the  compound 
when  burned  with  lead  chi-omate  and  copper  oxide,  but  the  residue  very  slowly, 
and  at  the  end  the  temperature  had  to  be  raised  as  high  as  practicable  in  order  to 
ensure  complete  combustion. 
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examination  by  mj  friend  Professor  Sollas,  F.R.S.,  whom  I  have  to 
thank  for  the  following  statement  of  his  results  :— 

"  Crystalline  system,  oblique  (monoclinic)  ;  /i  =  110"  20';  ratio  of 
parameters,  a  :  b  :  c  =  09853  :  1  :  1043. 

"  The  crystals  consist  of  the  following  forms  :—( 100),  (010)  (111), 
(111),  (101).  The  planes  about  the  lower  pole,  with  the  exception  of 
001,  are  frequently  reduced  and  sometimes  completely  suppressed, 


hemimorphic  crystals  resulting:  twins  occasionally  occur,  with  001 
as  the  plane  of  combination,  and  a  normal  to  it  as  the  twinning 
axis. 

"  The  cleavage  is  highly  perfect  pai'allel  to  001,  pei'fect  parallel  to 
010,  scarcely  perfect  parallel  to  100  :  traces  of  cleavage  parallel  to 
the  pyramidal  faces  are  obtainable. 

"  The  plane  of  the  optic  axes  lies  in  the  plane  of  symmetry,  and  the 
acute  bisectrix  makes  an  angle  of  27"  20' with  the  axis  e  in  the  obtuse 
angle  (3.  The  apparent  angle  with  sodium  light  in  air  is  31°  5',  and 
in  bromonaphthalene  (r.  i.  =  1-66)  18°  36'.  A  parallel  sided  flake 
obtained  by  cleavage  along  the  001  plane  almost  completely  loses 
visibility  Avhen  immersed  in  methylene  iodide  (r.  i.  =  1"7446),  the 
mean  refractive  index  is  therefore  approximately  1"7446.  The  true 
angle  between  the  optic  axes  is  consequently  17°  40'. 

"  The  dispersion  is  inclined,  p  slightly  less  than  v.  The  double 
refraction  is  negative. 

"  The  extinction  angle  measured  on  the  010  plane  is  7°,  the  edge 
010,  001  being  taken  for  i-eference." 

The  pure  compound  melts  at  137 — 138°  to  a  nearly  transparent 
liquid  which  can  be  heated  in  a  nari'ow  tube  to  210°  without  decom- 
position. 

Heated  in  a  vacuum  to  its  melting  point,  some  aniline  is  given  off. 
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and  a  mixture  of  silicon  compounds  formed  whose  constituents  will 
be  described  later  on. 

Silicotetraplienylamide  is  very  soluble  in  benzene  but  less  soluble 
in  carbon  bisulphide  (100  c.c.  of  the  solution  saturated  at  14°  con- 
tain 21"1  grams).  The  compound  is  separated  from  both  solutions 
on  addition  of  light  petroleum,  in  which  it  is  almost  insoluble,  hence 
in  recent  preparations  the  latter  has  been  used  with  advantage  in 
separating  the  pure  compound.  It  is  at  once  decomposed  by  chloro- 
form; anhydrous  ether  dissolves  the  compound  without  apparent 
decomposition,  but  alcohol  and  water  decompose  it ;  the  latter  very 
slowly  yields  silicic  acid  and  aniline.  Rapid  decomposition  takes 
place  if  either  acids  or  alkalis  are  present,  especially  in  alcoholic 
solution. 

So  far  as  silicotetraphenylamide  has  been  hitherto  examined,  it  has 
not  shown  any  distinct  tendency  to  unite  as  a  whole  with  acids,  but 
is  rather  decomposed  by  them,  even  when  the  amide  is  present  in 
considerable  excess.  The  nature  of  the  decomposition  which  takes 
place  with  hydrochloric  acid  appears  from  the  results  of  the  follow- 
ing experiment. 

Silicotetraphenylamide  was  dissolved  in  benzene  and  a  current  of 
dry  hydrochloric  acid  gas  was  led  through  it.  There  was  immediate 
separation  of  a  white  substance  which  increased  as  the  current  of  gas 
continued.  The  mixture  was  ultimately  saturated  with  hydrochloric 
acid  gas  and  was  allowed  to  stand  for  two  days  ;  it  was  then  filtered, 
the  precipitate  washed  with  benzene,  and  dried  for  analysis,  during 
which  it  slightly  fumed.  The  filtrate  was  not  precipitated  on  largely 
diluting  it  with  light  petroleum,  proving  that  all  the  silicotetraphenyl- 
amide had  been  separated  from  it.  On  the  other  hand,  it  con- 
tained silicon  chloride  in  comparattively  large  quantity. 

The  precipitate  was  found  to  contain  26"51  per  cent,  of  chloi-ine, 
but  only  0'79  per  cent,  of  silicon.  It  was,  therefore,  chiefly  aniline 
hydrochloride  from  which  all  traces  of  silicon  tetrachloride  had  not 
been  washed  out.  The  action  of  hydrochloric  acid  on  the  silicon 
compound  is  therefore  represented  by  the  equation — 

Si(NHPh),  +  8HC1  =  SiCU  +  4NH2Ph,HCl. 

There  was  not  any  evidence  that  a  hydrochloride  of  silicotetra- 
phenylamide was  formed  at  any  pei'iod  of  the  reaction.  The  insola- 
bility  of  aniline  hydrochloride  in  benzene  doubtless  facilitated  the 
action  of  hydrochloric  acid. 

Silicotetraparatolylamide. 

At  an  eai-ly  stage  of  this  investigation,  it  was  found  that  para-  and 
ortho-toluidines  react  with  the  silicon  haloids  in  a  manner  similar  to 
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aniline.  As  paratoluidiu'e  is  most  easily  obtained  in  a  state  of  ]>urity, 
owing  to  the  readiness  with  which  it  can  be  crystallised,  I  shall  first 
state  the  results  obtained  with  it. 

To  2-J-i  grams  of  pure  paratoluidine  di.ssolved  in  benzene,  50  grams 
of  silicon  tetrachloride,  also  mixed  with  benzene,  were  added.  An 
immediate  separation  of  the  hydrochloride  took  place,  and  when  the 
whole  of  the  reagents  were  mixed  the  hydrochloride  was  collected, 
washed  Avith  benzene,  quickly  dried  and  weighed.  170  grams  of  the 
imperfectly  washed  hydrochloride  were  obtained,  whereas  the  follow- 
ing equation  requires  168  grams  : — 

SiCl4  +  SNHo-CH,  =  Si(NH-C,HT)i  +  4NH2-C7H7,HC1. 

There  is,  therefore,  practically  complete  separation  of  the  hydro- 
chloride, and  nothing  but  the  silicon  compound  could  remain  in  solu- 
tion. The  latter  had  most  of  the  benzene  distilled  from  it,  as  in  the 
case  of  the  aniline  compound ;  the  residue  was  then  mixed  with 
carbon  bisulphide  which  separated  a  very  small  quantity  of  hydro- 
chloride, and  the  filtrate  from  this  was  then  distilled  down  to  a  small 
bulk ;  on  cooling  it  became  semi-solid  owing  to  the  separation  of 
botryoidal  masses  of  crystals.  The  product  was  purified,  \vith  con- 
siderable loss,  by  pressure  and  i"ecrystallisation  from  benzene,  and 
was  finally  preci{)itated  from  its  benzene  solution  by  light  petroleum 
and  dried  for  analysis. 

I.  0'859  gram  gave  0-115  of  SiOj.     Si  =  6-24  percent. 
II.  0-6192  gram  gave  0081  of  SiOj.     Si  =  6-10  per  cent. 

III.  0-2315  gram  gave  015  of  H,0  and  06285  of  CO,.     H  =  7-17 

and  C  =  74-04  per  cent. 

IV.  0-2374  gram  gave  24  c.c.  of  X  at  12=  and  767  mm.    N  =  1204 

per  cent. 
V.  0-213  gram  gave  21-15  c.c.  of  N  at  14°  and  771  mm.  N  =  12-15 
per  cent. 

The  results*  agree  -with  the  formula — 
Si(NHC,H,),. 

Experiment. 

Calculated.  I.  II. 

Si 6-19  6-24  610 

C 74-35  74-04  — 

H  7-08  7-19  — 

N 12-38  12-05  12-15 

*  The  combustions  -were  made  -with  mixtures  of  lead  cliromate  and  copper  oxide. 
As  in  the  case  of  silicotetraphenylamide,  the  temperature  required  at  tlie  end  was 
high  :  moreover,  in  the  nitrogen  determinations,  sensibly  half  the  gas  was  quickly 
obtained,  whilst  the  rest  came  off  very  slowly. 


480  REYNOLDS:   RESEARCHES   OX   SILICON   COMPOUNDS 

Silicoparatolylamide  crystallises  iu  small  botrjo'idal  aggregations 
of  fine  needles  which  are  colourless  and  transparent.  They  fuse  at 
131 — 132°,  and  decompose  when  more  strongly  heated,  yielding 
paratoluidine.  The  compound  is  freely  soluble  in  benzene,  carbon 
bisulphide,  and  anhydrous  ether,  but  is  dissolved  to  a  small  extent 
only  by  light  petroleum,  which  can,  therefore,  be  used  to  precipitate 
it  from  its  solution  in  the  other  liquids.  It  is  decomposed  by  alcohol 
and  water. 

Silicotetraorthotolylamide. 

In  order  to  prepare  this  compound,  253  gi^ams  of  pure  redistilled 
orthotoluidine,  mixed  with  twice  its  volume  of  benzene,  was  treated 
as  in  the  former  cases  with  silicon  tetrachloride  (50  grams)  diluted 
with  4  vols,  of  benzene.  Orthotoluidine  hydrochloride  did  not  begin 
to  separate  until  about  one-fifth  of  the  silicon  chloride  had  been 
added,  as  it  is  more  soluble  in  benzene  than  the  para-compound. 
After  complete  mixture  of  the  reagents,  the  whole  was  allowed  to 
stand  over  night  and  the  hydrochloride  then  filtered  off.  The  benzene 
was  slowly  distilled  from  the  filtrate,  and  at  the  end  the  temperature 
was  raised  to  110^,  while  a  current  of  dry  hydrogen  was  passed  ovei- 
the  residue  to  aid  the  removal  of  benzene.  A  thick,  somewhat  crys- 
talline magma  remained  which  was  treated  in  the  cold  with  carbon 
bisulphide.  The  bisulphide  left  30  grams  of  orthotoluidine  hydro- 
chloride undissolved,  which  with  137  grams  separated  in  the  first 
treatment,  gave  a  total  quantity  of  167  grams  instead  of  the  theo- 
retical yield  of  168  grams  from  the  orthotoluidine  taken,  if  the 
following  equation  expresses  the  change  : — • 

SiCIi  +  SNHo-aH,  =  Si(NH-aH04  +  4NH2-C,H„HC1. 

The  carbon  bisulphide  solution  was  concentrated  by  distillation, 
during  which  operation  a  further  small  quantity  of  hydrochloride 
separated  and  was  removd.  When  heated  on  the  water-bath  until 
carbon  bisulphide  ceased  to  pass  over,  the  residual  liquid  refused  to 
crystallise  on  cooling.  It  was  then  exposed  as  a  thin  layer  under 
the  receiver  of  an  air-pump  which  was  frequently  exhausted  during 
10  days,  at  the  end  of  which  time  it  gradually  solidified  to  a  crystal- 
line mass. 

In  another  preparation  it  has  been  found  that  the  use  of  carbon 
bisulphide  can  be  dispensed  with,  and  the  orthotoluidine  hydrochlo- 
lide  can  be  completely  removed  from  the  benzene  solution  by  addition 
of  light  petroleum.  The  silicon  compound  is  not  precipitated  by 
light  petroleum,  unlike  the  para-derivative,  and  when  the  mixed 
benzene  and  light  petroleum  solution  is  distilled  a  very  thick,  syrupy 
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liquid  remains,  wliicli  after  long  exposure  in  a  vacuum  gradually  yields 
a.  quantity  of  minute  needles  of  the  silicon  compound. 

When  purified  as  compk'tely  as  possible,  by  quick  wasliing  with 
light  petroleum  and  by  pressure,  a  specimen  of  the  crystals  gave  the 
following  analytical  data:  — 

I.  1-6105  gram  gave  0-220-1-  of  SiO,. 
II.  0-33G6  gram  gave  35  c.e.  N  at  18°  and  7G7-5  mm. 

These  results  agree  with  the  formula— 
Si(NH-C7H,)i. 

Calculiitocl.  Experiment. 

Si G-19  G-38 

N 1238  12-06 

Silicotetraorthotolylamide  forms  small,  colourless,  transparent 
prisms,  which  do  not  readily  form  aggregations.  They  are  very 
easily  soluble  in  benzene,  carbon  bisulphide,  and  light  petroleum, 
and  consequently  are  difficult  of  complete  purification.  Water  and 
alcohol  decompose  the  compound. 

S  i  licotetnaiapJdhylamides. 

It  was  obviously  desirable  to  ascertain  whether  double  ring  amidic 
compounds,  such  as  the  naphthylamines,  interact  with  silicon  haloids 
in  a  manner  similar  to  those  which  include  a  single  benzene  nucleus. 
The  following  results  prove  that  the  two  naphthylamines  afford 
silicon-derivatives  anixlogous  to  those  obtained  from  aniline  and  the 
toluidines. 

It  was  found  that  the  /i-naphthylamine  derivative,  like  the  para- 
toluidine  product,  was  that  most  easily  obtained  in  crystalline  form  ; 
the  a-naphthylamine  derivative  being  even  less  disposed  to  crystal- 
lise than  that  afforded  by  orthotolaidine. 

SiUcotetrabetanapJdhylauiide  was  produced  on  the  addition  of  a 
benzene  solution  of  10  grams  of  silicon  tetrachloride  to  67-3  grams  of 
pure  /3-naphthylamine  also  dissolved  in  benzene.  After  separation 
of  the  hydrochloride  produced  in  the  reaction,  the  concentrated 
benzene  solution  was  treated  as  already  described  in  the  other  cases, 
and  then  with  light  petroleum,  when  numerous  small  nodular  masses 
of  slightly  coloured  crystals  separated.  These  were  redissolved  in 
benzene,  again  separated  by  petroleum,  collected,  washed,  pressed, 
and  dried  for  analysis. 

1.  0-461  gram  gave  00439  of  SiO^. 
II.  0-3542  gram  gave  29-5  c.c.  of  N  at  18°  and  7685  mm. 
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These  results  agree  fairly  with  the  formula — 
Si(NH-C:oHv),. 

Calculated.  Experiment. 

Si 4-69  4-34 

N 9-39  9-60 

This  compound  in  crystallising  carries  down  with  it  some  free 
naphthylamine  which  it  is  difficult  to  remove.  The  purest  product 
obtained  is  very  readily  decomposed  by  heat,  while  it  partially  melts 
and  assumes  a  brown  colour.  It  is  soluble  in  benzene  and  carbon 
bisulphide,  but  is  only  slightly  soluble  in  light  petroleum.  Like  othei- 
compounds  of  the  kind  it  is  readily  decomposed  by  water. 

Silicotetralphanaplithylamide  was  produced  from  ^-naphthylamine 
by  similar  treatment,  but  unlike  the  /3-compound  it  was  not  separated 
from  benzene  on  the  addition  of  light  petroleum.  When  the  mixed 
petroleum  and  benzene  solution  was  evaporated,  a  thick,  brown  oil 
separated,  and  this  oil,  after  gentle  heating  in  a  current  by  dry 
hydrogen,  slowly  solidified  to  a  mass  of  minute  crystals. 

The  best  product  yielded  the  following  numbers  on  analysis : — 

I.  0"6305  gram  gave  0"061  of  SiO..     Si  =  4'51  per  cent. 
II.  0-2148   gram   gave    16-7    c.c.    of    N   at   20°    and    766-5    mm. 
N  =  8-92  per  cent. 

Although  these  results  show  that  the  material  was  still  somewhat 
impure,  the  ratio  of  nitrogen  to  silicon  is  4  :  1,  or  that  required  by 
the  formula — 

Si(NH-CioH04. 

The  a-compound  is  acted  on  by  solvents,  heat,  and  water,  even  more 
readily  than  the  substance  afforded  by  /3-naphthylamine,  but,  unlike 
the  latter,  is  not  separated  in  crystalline  form  by  light  petroleum. 

I  have  to  thank  Mr.  Emil  A.  Werner,  F.C.S.,  for  the  assistance  he 
has  rendered  in  carrying  out  the  work  recorded  in  this  paper 

University  Laboratory, 

Trinity  College,  Jjuhlin, 
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XLN'II. — The  Vapour-pressures  of  (^ninuliiie. 

By  Sydney  Young,  D.Sc,  Professor  of  Chemistry,  University 
College,  Bristol. 

Four  years  ago  Dr.  Ramsay  auJ  1  coinmuuicated  to  the  Society 
(Trans.,  47,  640)  the  results  of  determiuations  of  the  vapour- 
])i-essurcs  of  ehlorobenzene,  bromobenzene,  aniline,  methyl  salicylate, 
anil  bromonaphtlialene,  and  in  the  following  ytJar  (ibid.,  49,  37)  of 
mcrcuiy.  "We  have  constantl}"-  made  use  of  these  liquids,  as  AS'ell  as 
of  carbon  bisulphide  and  ethyl  alcohol,  the  vapour-pressures  of  which 
have  been  determined  by  Regnault,  for  obtaining  constant  known 
temperatures — the  tube  or  vessel  to  be  heated  being  placed  in  the 
vapour  of  the  liquid  boiling  under  known  pressure.  This  method  of 
heating  possesses  the  two  great  advantages  that  the  temj^erature  can 
be  kept  constant  for  any  length  of  time,  or  it  can  be  altered  by  a 
definite  amount  in  a  very  few  minutes. 

With  the  exception  of  methyl  salicylate,  these  liquids  have  given 
excellent  results,  but  the  salicylic  ether  is  open  to  several  objections ; 
it  is  not  ea.sy  to  obtain  a  product  of  constant  boiling  point ;  the  ether  is 
hygroscopic,  and  the  moisture,  besides  being  difficult  to  remove,  causes 
slow  hydrolysis,  so  that  the  liquid,  after  being  used  for  some  time,  is 
always  found  to  be  contaminated  with  salicylic  acid.  Good  results 
have,  indeed,  been  obtained  with  methyl  salicylate,  but  its  employ- 
ment has  involved  considerable  loss  of  time  owing  to  the  necessity 
for  frequent  redistillation  of  the  liquid,  besides  the  preliminary  very 
tedious  fractionation.  It  appeared  advisable,  therefore,  if  possible,  to 
substitute  some  other  liquid  less  open  to  objection,  and  it  occurred  to 
me  that  quinoline  might  give  good  results.  This  substance  is  sup- 
plied by  Kahlbaum  in  a  pure  state  at  a  moderate  price  ;  although 
it  is  hygroscopic,  the  water  has  no  action  on  the  compound,  and  is 
rapidly  expelled  on  distillation  ;  lastly,  the  boiling  point  (237'5")  is 
not  far  from  midway  between  those  of  aniline  and  bi'omonaphthalene. 
Determinations  were  made  with  two  samples  of  quinoline,  one  (K) 
obtained  from  Kahlbaum,  the  other  (H)  from  Messrs.  Harrington 
Brothers  of  Cork ;  the  second  sample  required  fractionation,  but  was 
easily  obtained  pure,  and  identical  results  were  obtained  with  both. 
In  the  course  of  distillation,  the  following  determinations  of  boiling 
point  were  made  :  — 
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Temperature  Corrected  to 
Pressure.                observed.  760  mm. 

K 749-2  286-9°  237-55° 

H 750-4  237-0  237-55 

H 751-6  237-0  237-5 

K 758-3  237-4  237-5 

Calculated  from  constants  for  Biot's  formula 237-45° 

These  determinations  agree  fairly  well  with  that  of  Skraup,  237-1° 
at  746-8  mm.,  or  237'8°  at  760  mm.  At  low  pressures  the  determina- 
tions were  made  with  the  apparatus  described  by  Dr.  Ramsay  and 
myself ;  at  higher  pressures  the  thermometer  was  placed  in  the 
vapour  of  the  liquid  boiling  under  known  pressures. 

The  temperatures  are  those  of  an  air  thermometer  ;  the  pressures 
are  in  millimetres  of  mercury  at  0°.  The  thermometer  was  one  of 
the  two  employed  in  my  work  on  benzene  and  its  halogen-deriva- 
tives (p.  489). 

Experimental  Results. 
Series  I  (K). 


Pressure. 

Temp. 

Pressure. 

Temp. 

Pressure. 

Temp. 

Pressure. 

Temp. 

2-55 

75-3° 

9-3 

102-1° 

26-75 

126  -03° 

70-0 

152-15° 

2-75 

78-3 

10-65 

104-3 

29-25 

128-6 

77-2 

154-95 

3-25 

81-1 

11-8 

107-4 

33-6 

132-35 

84-8 

157-85 

3-75 

83-05 

13-6 

110  05 

37-4 

134  -95 

101-3 

163  -05 

4-55 

86-55 

15-6 

113  05 

42-1 

138-1 

109-4 

165-4 

5-50 

90-05 

17-55 

115-9 

47-3 

141-05 

119-7 

168 -05 

6-15 

93-65 

19  1 

118  1 

54-15 

144-15 

131-2 

170 -95 

7-15 

96-55 

21-3 

120-75 

58-0 

146-65 

— 

— 

8-1 

99-45 

23-85 

123 -45 

64-1 

149-5 

Series  II  (K). 


101-7 

162-3° 

288  -35 

198 -r 

428  -45 

213-2° 

610  9 

228 -0' 

115-65 

166-85 

313-95 

201-2 

460  0 

216  -05 

656-0 

231-1 

232-55 

190-1 

339-35 

204  1 

493-0 

218-9 

701-7 

233-95 

249-5 

192-65 

368-1 

207-2 

528-8 

221-9 

745  3 

236-65 

269-2 

195  -55 

395-8 

210-1 

568-3 

224 -95 

— 

— 

Series  III  (H). 


90-2 

159-15° 

159-8 

177  -35° 

263-9 

194  -65° 

500  0 

219-35° 

93-25 

160-15 

171  -85 

179-6 

304-9 

200-15 

560-3 

224  -25 

107-2 

164-6 

190-45 

183  -15 

346  -8 

205 -05 

021-1 

228 -45 

132-6 

171-05 

213-8 

187  -15 

400-7 

210-2 

683-3 

232-8 

147  -55 

174-5 

233-2 

190-2 

448-2 

214-8 

745-3 

236  -55 
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The  logarithms  of  tliese  pressures  were  mapped  against  tempera- 
ture, and  the  logarithms  of  pressures  corresponding  to  even  tempera- 
tures read  off.  Constants  for  Biot's  formula  (\og  p  =  a  +  hx^  -f-  cfS^) 
were  then  calculated,  and  from  these  constants  the  pressures  corre- 
sponding to  definite  temperatures — each  10"^  from  80^  to  180*^  ami 
each  degree  from  180°  to  240° — were  recalculated. 

The  constants  for  Biot's  formula  are — 


a  =  0-787142 


h  =  2-510713 
c  =  -2-806455 
log  ^=0-00047375 


t  =  t°C 


log  h  =  0-3997970 
log  c  =  0-4481581 
log  li  =  1-99682426 


80. 


The  calculated  pressures  are  giv^en  in  the  following  tables  : — 


Temp.     I  Pressure. 


Temp. 


Pressure. 


Temp. 


Pressure. 


Temp.     Pressure 


80° 

flO 

100 

110 

120 


-10 
-21 

•4.8 
•••12 
•GG 


130' 
140 
150 
160 
170 


31 
45 
65 
91 
126 


•02 
•4-9 
■31 
•90 
•9 


ISO' 
190 
200 
210 
220 


172  4 
230-4 
303-4 
394-2 
505-7 


230' 
240 


041  -3 

804 -G 


II. 


ISO" 

172-4 

196° 

272-2 

212" 

414-7 

228° 

6121 

181 

177 

n 

197 

279-7 

213 

425 

3 

229 

G26-G 

182 

182 

9 

198 

287-4 

214 

436 

1 

230 

(541  3 

183 

188 

3 

199 

295-3 

215 

447 

1 

231 

656  3 

184 

193 

9 

200 

303  -4 

216 

458 

4 

232 

671  6 

185 

199 

6 

201 

311-6 

217 

469 

9 

233 

687-2 

186 

205 

5 

202 

320  0 

218 

481 

6 

231. 

703  1 

187 

211 

5 

203 

328^6 

219 

493 

5 

235 

719  -3 

188 

217 

6 

204 

333^7 

220 

505 

7 

236 

735  7 

189 

223 

9 

205 

346-4 

221 

518 

1 

237 

752^5 

190 

230 

4 

206 

355  5 

222 

530 

8 

238 

769  ^5 

191 

237 

0 

207 

364-9 

223 

513 

7 

239 

786  9 

192 

243 

7 

208 

374-5 

224 

556 

9 

210 

804  •  6 

193 

250 

6 

209 

384-2 

225 

570 

3 

— 

— 

194 

257 

6 

210 

394-2 

226 

581 

0 

— 

— 

195 

264-8 

211 

404  -3 

227 

597  -9 

— 

— 

48  () 


XLVIII. — On  the  Vapour-pressures  and  SpecifiG  Volumes  of  Similar 
Compounds  of  Elements  in  relation  to  the  Position  of  those  Elements 
in  the  Periodic  Table.     Part  T. 

Bj  SvDXEY  Young,  D.Sc,  Professor  of  Chemistrj,  University  College, 

Bristol. 

A-T  the  meeting  of  tlie  British  Association  held  in  Aberdeen  in  1885, 
it  was  pointed  out,  in  a  paper  published  jointly  by  Dr.  Ramsay  and 
myself,  (1)  that  when  different  substances  are  compared  at  tempera- 
tures at  which  their  vapour-pressures  are  equal,  the  product  dpjdt .  T 
(where  T  is  the  absolute  temperature)  is  approximately  a  constant,  and 
that  for  neai'ly  related  compounds,  such  as  ethyl  chloride  and  ethyl 
bromide,  or  chlorobeuzene  and  bromobenzene,  the  products  appear  to 
be  really  equal ;  (2)  that  if  these  valuer  of  dpjdt .  T  are  compared  at 
a  series  of  equal  pressures,  their  ratios  to  each,  otber  remain  approxi- 
mately unchanged  with  alteration  of  pressure,  and  that  for  nearly 
related  bodies  they  remain  identical  at  all  pressures  for  which  data  are 
available.  If  the  values  of  dpjdt .  T  for  any  two  compounds  are 
identical  throughout  the  series  of  equal  pressiu'es,  it  follows  that  the 
ratios  of  the  absolute  temperatures  themselves  must  be  also  constant 
at  equal  pressures  ;  in  other  words,  the  ratio  of  the  boiling  points, 
expressed  in  absolute  temperatures,  must  be  constant  whatever  the 
pi^essure.  In  the  majority  of  cases,  however,  in  which  the  values  of 
dp\dt .  T  are  only  approximately  equal  at  equal  pressures,  and  where 
the  ratios  of  these  values  to  each  other  do  not  remain  quite  unchanged 
■with  alteration  of  pressure,  the  ratios  of  the  boiling  points  cannot  be 
quite  constant  at  all  equal  pressures.  It  was  found,  however,  that  for 
a  range  of  pressure  at  any  rate  from  about  100  to  3000  or  5000  mm., 
the  relation  expressed  by  the  equation  R'  =  II  -f  c{t'  —  f)  is  applic- 
able to  any  two  substances,  whether  nearly  related  or  not. 

R'  is  the  ratio  of  the  absolute  temperatures  at  a  pressure  p',  R  the 
ratio  at  p  ;  t'  and  t  are  the  temperatures  of  one  of  the  two  substances 
cori'esponding  to  the  two  pressures  p'  and  p  ;  c  is  &  constant,  which 
for  nearly  related  bodies  =  0,  when  R'  =  R. 

These  and  other  generalisations  are  fully  described  in  the  Phil. 
Mag.  (Dec,  1885,  and  Jan.,  188G). 

I  am  at  present  engaged  in  a  study  of  the  vapour-pressures  and 
specific  volumes  of  the  halogen-compounds  of  a  numljer  of  elements, 
in  order  to  find  whether  the  ratios  of  the  boiling  points  (in  absolute 
temperatures)  of  similar  compounds  of  elements  which  belong  to  the 
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same  group  in  tlie  periodic  table  are  constant  at  all  ecpial  pressures, 
and  whether  any  such  simple  relation  holds  good  for  the  specific 
volumes-  But  before  doing  this  it  seemed  desirable  to  compare  the 
halogens  among  themselves,  and  for  this  purpose  the  mono-substitu- 
tion products  of  benzene  were  chosen,  as  the}^  are  all  stable  sub- 
stances, and  can  be  obtained  in  a  state  of  purity.  At  the  same  time, 
the  vapour-pressures  and  specific  volumes  of  benzene  itself  were 
determined,  in  order  to  ascertain  the  effect  of  substituting  an  atom  of 
hydrogen  for  an  atom  of  a  halogen. 

The  present  paper  contains  details  of  determinations  of  the  vapour- 
pressures  and  specific  volumes  of  benzene,  fluorbenzene,  chloro- 
benzene,  bromobenzene,  and  iodobenzene  within  the  widest  attainable 
limits  of  temperature  and  pressure,  followed  by  an  account  of  the 
deductions  drawn  from  the  data  obtained. 

Preparation  of  the  Pure  Substances.  Benzene. — A  sample  of  care- 
fully purified  benzene,  prepared  by  Dr.  Ramsay  and  myself  for  our 
determinations  of  the  vapour-pressures  of  solid  and  liquid  benzene  at 
low  temperatures,  Avas  employed  (Phil.  Mag.,  1887,  Gl). 

Fluorhenzene. — This  compound  was  prepared, as  described  by  Wallach 
{Annalen  235,  -25.')),  also  Wallach  and  Heusler  {ibid.,  243,  219),  by 
the  action  of  concentrated  hydrofluoric  acid  on  benzenediazopiperidide, 
CgHo-NIN-N-CoHi,,.  After  fractionation,  rather  more  than  50  grams  of 
the  pure  j)roduct  was  obtained ;  it  boiled  with  perfect  constancy. 


Eoiltng  point  under  760  mm. 

Pressure 

pressure. 

Substance. 

in  mm. 

Boiling 

reduced 

point. 

to  0°. 

From  ob- 
served b.  p. 

Calculated  from 
Biot's  formula. 

Benzene*  

753-4 

79-9 

80-2 

80-25 

Fluorbenzenef    

764-2 

85-3 

85-1 

85-2 

7G9-0 

85-6 

85-2 



730-4 

83-85 

85-15 



ChlorobenzeneJ  

— 

— 

— 

132-0 

13romobenzcne+ 

— 

— 

— 

156-0 

Iodobenzene 

744-1 

1S7-55 

188 -45 

188  -45 

746  -3 

187-65 

188-4 



752-3 

188-05 

188  5 



756-4 

188-2 

188-4 

■ 

758-1 

lSS-35 

188  -45 

— 

*  Kamsay  and  Young  (/oc.  cit.). 

t  Wallach  and  Heiftler  {loc.  cit.),  85^" ;  Pateruo  and  Oliveri  (Trans.  Chem.  Soc, 
46,  426),  85-86". 

X  Clilorobenzeue  and  bromobenzene  were  used  for  the  calibration  of  the  thermo- 
meters (Eamsay  and  Young,  Trans.  Chem.  Soc,  1885,  47,  640). 
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Chlorohenzene,  Bromobenzene,  lodohenzene. — These  substances  were 
obtained  from  KaUbaum  ;  tbey  were  repeatedly  fractionated  until 
products  were  obtained  with  perfectly  constant  boiling  points. 

The  table  (p.  487)  gives  the  boiling  points  of  these  substances  as 
actually  observed  under  atmospheric  pressure,  and  also  reduced  to 
760  mm.  pressure.  As  determinations  by  other  observers  are  given  in 
Carnelley's  tables,  it  seems  unnecessary  to  reproduce  them  here. 


Specific  Gravities  and  Specific  Volumes. 

The  specific  gravities  (masses  of  1  c.c.)  were  in  each  case  deter- 
mined in  a  Sprengel  tube  of  the  form  recommended  by  Perkin ;  the 
weighings  were  reduced  to  a  vacuum.  The  liquids  were  always 
redistilled  immediately  before  the  determinations,  which  were  carried 
out  first  at  0°  and  then  at  about  the  atmospheric  temperature,  the 
Sprengel  tube  being  placed  in  cold  water  of  constant  temperature. 


Substance.  " 

Temperature. 

Specific  gravity 
or  mass  of  1  c.c. 

Specific  volume  or 
volume  of  1  gram. 

0° 
18 

0 
12  -86° 

0° 

0 
16  0° 

0° 
14  -55° 

0° 

15 -2r 

0  -90006 

0  -88118 
1 -04653 
1-03149 
1 -12786 
1 -12787* 
1 -11093 
1 -52182 
1 -50242 
1 -86059 

1  -83798 

1  -11104 

1  '13484 

0-95554 

0  -96947 

0  -88664 

0-90015 

0  -65711 

0  -66559 

0-53746 

0  -54407 

The  results  of  determinations  by  other  observers  are  given  in 
Clarke's  "  Constants  of  Nature,"  Part  I,  but  it  is  unfortunately 
not  stated  in  any  case  whether  the  specific  gravities  are  compared 
with  water  at  4°,  at  0°,  or  at  the  same  temperature  as  the  substance. 
As  the  error  at  0°  must  be  inconsiderable  whether  the  water  were 
taken  at  0°  or  4°,  I  give  the  results  at  this  temperature  for  the  sake  of 
comparison. 


*  Second  determination  some  months  later. 
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Substance. 


Benzene 


Eluo 


benzene . , 


Observer. 


Cblorobenzene 

Eromobenzene 

)) 
lodobenzene  . . . 


Warren 

Kopp 

Louguinine 

risati  and  Patcrno. . . 

Adrieenz 

Diell' 

Wallach 

Wallach  and  Ileusler 

Jungfleiscli 

Adrieenz 

Ladenburg 

Adrieenz 

Wegcr 

SchifE 


Reference. 


Jahresh.,  18,  515 

Fogg.  Ann.,  72,  213  .,  .. 
Ann.  Chim.Phgs.  (4),  11, 

453 '. 

Trans.    Chem.    Soc,   27. 

RSO 

licrichte,  6,412 

J.     pr.    Chem.    (2),    27, 

368 

Annalen,  235,  255 

243,221 

Jahresh.,  21,  313 

Berichte,  6,  413 

Bericlite,  7,"l685 

Z  6,141 

Annalen,  221,  61 

Beihliitler,  9,  559 


Sp.  gr.  at  0'' 


0  -8957 
0-89911 

0  -8995 

0  -89949 
0-90023 

0  -1)000 

1-024  (at  20°)* 
l-0236(at20°)* 

1  -1293 
1-12855 
1-12818 
1-519 
1-522 

1 -51768 
1-5203 
1  -8578 


Vapour-pressures  heloiv  700  mm. 

These  were  for  the  most  part  determined  by  means  of  the  apparatus 
described  by  Dr.  Ramsay  and  myself  (Trans.,  1885,  47,  43),  but 
two  vertical  tubes  were  connected  with  the  condenser  so  as  to  admit 
of  two  temperature  readings  being  taken  at  each  pressure.  The 
numbers  given  are  not  unfrequently  the  means  of  several  pressure 
and  temperature  readings  taken  within  very  narrow  limits.  The 
thermometers  contained  air  and  were  heated  for  10  days  to  about 
285°  before  calibration.  In  order  to  calibrate  them,  they  were  placed 
in  melting  ice  and  in  the  vapours  of  pure  liquids  boiling  under  known 
pressures ;  the  zero  points  were  redetermined  from  time  to  time,  but 
were  found  to  remain  very  nearly  constant. 

In  the  case  of  iodobenzene,  for  pressures  above  250  mm.,  it  was 
found  better  to  boil  the  liquid  in  a  bulb  fused  to  a  wide,  vertical  tube 
connected  with  a  gauge  and  pump,  and  to  place  the  thermometers  in 
the  vapour  of  the  boiling  liquid. 

The  vapour-pressures  of  benzene  have  been  already  determined  by 
Dr.  Ramsay  and  myself  from  the  lowest  pressures  to  760  mm.,  and 
those  of  chloi'obenzene  and  bromobenzene  from  moderately  low 
pressures  to  the  atmospheric  pressure.  It  was,  therefore,  necessary 
to  determine  the  vapour-pressures  of  cblorobenzene  and  bromobenzene 

*  From  the  curve  drawn  from  my  determinations  of  the  molecular  volumes  of 
iluorbenzene  the  specific  gravity  at  20°  -would  be  1 '0225  ;  the  value  1-0236  by 
Wallach  and  Heusler  is  given  in  terms  of  water  at  4". 
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Table  I. — Fluorbenzene. 


Pressure. 

Temp. 

Pressure. 

Temp. 

Pressure. 

Temp. 

Pressure. 

Temp. 

G-95 

-17-85° 

29-4 

6-05° 

111-3 

33-3° 

359-2 

62  •75'^ 

8 

15 

-15-1 

30-2 

6-G5 

125-7 

36-05 

364  -0 

63-25 

9 

7 

-13-0 

31-3 

7-3 

143-4 

39-15 

398-7 

65-65 

10 

85 

-11-35 

35-2 

9-5 

161-7 

42  -05 

437-0 

68-25 

12 

0 

-9-45 

37-5 

10-65 

187-5 

45-55 

480-0 

71  -0 

13 

0 

-8-05 

44-45 

13-85 

219-9 

49-6 

522-5 

73-7 

14 

85 

-5-95 

51  -55 

16-75 

222-8 

49-9 

563  -05 

75-9 

IG 

05 

—  4  -55 

59-0 

19-5 

197-2 

46-9 

588-4 

77-3 

17 

8 

-3-0 

66-25 

22-0 

201  G 

47 -G 

613-1 

78-6 

19 

95 

-0-95 

76-85 

24-9 

206-25 

48-1 

618-6 

78-75 

21 

05 

+  0-15 

86-45 

27-5 

246-75 

52-6 

624-1 

79-15 

23 

1 

1-8 

99-0 

30 -G 

248-9 

52-95 

633  -2 

79-55 

24 

1 

2-6 

— 

— 

282-1 

56-2 

659-8 

80-7 

2G 

1 

4-1 

89-05 

28  -25 

283-8 

56-4 

694-2 

82-45 

27 

1 

4-7 

97-5 

30-35 

320-2 

59-6 

730-4 

83-85 

Clilorohenzene. 


3-15 

2-95^ 

11-45 

24  -75° 

16-9 

31  -85° 

58-5 

57  -25" 

5-05 

10-15 

12-5 

26-45 

18-1 

33-0 

61-45 

58-65 

5-35 

11-55 

13  -15 

27-3 

20-75 

35-45 

78-1 

64-2 

6-4 

15-1 

14-35 

28-7 

24-8 

38-95 

79-1 

64-55 

8-45 

19-6 

14-8 

29-25 

35-3 

46-25 

111-5 

73-05 

10-5 

23-25 

15-8 

30-3 

3G-4 

47-0 

170-85 

84-2 

Bromubenzene. 


4-9 

27-2° 

13-65 

45-9° 

46-0 

71-4° 

81-7 

85-2^ 

5-15 

28-4 

16-8 

49-8 

46  -95 

71-7 

104-35 

91-7 

5-7 

30-2 

20-65 

54-15 

47-6 

72-0 

133-6 

99-15 

6  1 

31-15 

25-15 

58-25 

59  -05 

77-3 

— 

— 

8-1 

36-2 

30-9 

62-55 

59-85 

77  -65 

• — 

— 

101 

40-35 

37-5 

67-2 

79-3 

84-45 

— 

— 

lodohenzene. 


■6 
-8 
-75 
•85 
-65 
7-0 
8-9 
10-4 
12-2 
14-45 
17 -0 
20-25 
23-75 
27-55 


29-3= 

33  0 

40  1 

46-3 

52-5 

57-0 

61-43 

64-5 

67-8 

70-9 

74  -4J 

78  -4 

81-9 

85-5 


32-0 

36-15 

41-0 

30-2 

36  -15 

50-15 

50-7 

51-9 

62 -4 

71  -75 

83-1 

94-8 

96-3 


88  -75° 

91-55 

94-75 

87-45 
91-6 

100  -35 
100-5 

101  -4 
105  -65 
109-5 
113  -4 
116-95 
117-35 


107-9 

120  -65° 

202-4 

139- 

108-7 

120-9 

231  -85 

144- 

123-5 

124  -G5 

261  -75 

148- 

154-2 

130-5 

302-3 

153- 

17G  45 

135-95 

336-3 

156- 

182  -05 

136-7 

370  -55 

160- 

214-2 

142-0 

404-2 

163- 

256-3 

147  -65 

442-6 

166- 

260  -95 

148  -25 

489-6 

170- 

— 

— 

532-9 

173- 

121-15 

123-9 

581-4 

177- 

134-0 

126  -85 

639-4 

181- 

154-7 

131-2 

683-2 

184- 

177-95 

135  -5 

756-4 

188- 

-0 

-15 

•1 

-8 

-2 


65 


-35 
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only  at  the  lowest  temperatures,  but  those  of  fluorbenzeue  and  ioclo- 
benzene  through  the  whole  range  of  temperature. 

The  results  obtained  are  given  in  the  table  (p.  400). 

The  logarithms  of  the  pressures  were  mapped  against  the  tempera- 
tures, and  the  logarithms  of  the  pressures  corresponding  to  equal 
intervals  of  temperature  read  off.  The  corresponding  pressures  are 
given  in  Table  III,  p.  oOl. 

Constants  at  High  Temperatures. 

Tlie  apparatus  is  similar  in  principle  to  that  employed  by  Dr. 
Ramsay  and  myself  (Phil.  Trans.,  178,  A,  59)  in  our  joint  re- 
searches; it  is,  however,  larger,  and  is  modified  in  certain  details. 

The  corrections  for  pressure  were  the  same  as  those  previously 
adopted  (Ramsay  and  Young,  Fhil.  Trans.,  1886,  Part  I,  124),  but 
in  addition  the  length  of  the  comparatively  short  heated  column  of 
mercuiy  was  reduced  to  0° ;  this  correction  is  of  very  slight  import- 
ance in  the  case  of  volatile  substances  such  as  those  previously 
studied,  but  becomes  considerable — relatively  to  the  vapour-pressure 
— with  high  boiling  substances,  such  as  bromobenzene  and  iodoben- 
zene.  The  vapour-pressure  of  mercury  was  not  subtracted  from  the 
read  pressures,  for  the  liquid  was  always  condensed  completely 
immediately  before  taking  readings  of  vapour-pressure,  and  the  mer- 
cury vapour  could  not  possibly  make  its  way  to  any  appreciable 
extent  through  the  long  column  of  liquid  above  it  during  the  short 
time  required  for  taking  readings.  Even  with  a  gas  above  the 
mercury  in  these  long,  narrow  tubes,  the  mercury  vapour  does  not 
attain  its  full  pressure  for  some  hours,  and  with  a  liquid  the  progress 
of  the  vapour  would  be  retarded  to  a  very  much  gi'eater  extent. 

The  temperatures  are  in  all  cases  those  of  an  air  thermometer,  and 
the  pressures,  since  they  are  corrected  for  deviation  of  air  from 
Boyle's  law,  are  expressed  in  true  millimetres  of  mercury  at  0". 

In  most  cases,  two  series  of  determinations  of  vapour-pressure  were 
made,  the  first  with  a  large  quantity  of  liquid,  the  second  with  about 
one-tenth  of  the  amount,  and  in  both  series  readings  of  pi'essure  were 
taken  at  several  different  volumes ;  it  will  be  seen  that  the  two  series 
give  concordant  results — a  proof  of  the  purity  of  the  liquids. 

The  results  obtained  are  given  in  the  following  tables ;  the  means 
of  all  pi'essures  at  each  temperature  are  given  in  Table  III. 
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Table  II. — Benzem 


Temp. 


Pressure. 


Mean. 


Temp. 


Pressure. 


Mean. 


90° 


100° 


110° 


120° 


130° 


140° 


150° 


150° 


1G0° 


1008 
1007 
1009  !- 
1008  1 
lOlOj 


1336^ 
1334 
1335  !- 
1335  ( 
1337J 

ITSD"! 
1739  I 
1739 
1738 
1740J 


2229 
2231 
2230 
2229 
2231J 


2814^ 

2814  I 

2816  y 

2815  I 
2815J 

3522"! 
3519  I 
3521  )■ 
3518  I 
3519J 

4332"^ 
4330  ( 

4334  )■ 
4332  I 
4331J 

4336") 
4340  I 

4335  )■ 
4335 
4342J 

5305") 
5297  I 
5290  |> 
5295  I 
5311J 


1008 


1335 


1739 


2230 


2815 


3520 


4332 


4338 


5300 


170° 


180° 


180° 


190° 


200° 


210« 


220° 


230° 


240° 


03891 
6390  1 
6386 
6378 
6386J 

7G35~1 
7G34  I 
7632  )■ 
7626  I 
7625J 

7608^1 
7599  I 
7599  J- 
7601  I 
7613J 

9043^ 
9049 
9049  V 
9042  I 
9043J 

10651'! 
10651  I 
10649  1> 
10648  I 
10649J 

12455"! 
12448  I 

12460  y 

12451  I 
12452_^ 

14493~ 
14496 
14490  [> 
14*93  I 
14491J 

16834"! 

16821  I 

16822  J- 
16826  I 
16824J 

19361"! 
19359  I 
19349  Y 
16345  I 
19346J 


6386 


rG30 


7604 


9045 


10650 


12453 


14493 


16825 


19352 
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Benzene  (^continued). 


Temp. 

Pressure. 

Mean. 

Temp. 

Pressure. 

Mean. 

250° 

221  sq 

22199  1 

22181  y 

22161  1 
22190J 

22182 

280° 

32801") 
32757  1 
32774  y 
32789  1 
32789J 

32782 

260° 

25339~1 

25326 

25309 

25320 

25349^ 

- 

25329 

284  -3 
286-1 

288-0 
r288-5 
\  Critical 

point 

34594 
35436 
36226 
36395 1 

270° 

28858") 
28840 
28842  y 
28861  1 
28S5SJ 

28852 

Fluorhenzene.  — I. ' 


90° 

883") 

130° 

2533") 
2534 

883 

882  y 

882-5 

2536  c 

2535 

883 
882j 

2537 

2537J 

100° 

11781 
1176  1 

140 

3171") 
3172 

1177  !- 
1177 

1177 

3173  y 

3172 

3172 

1177J 

3172J 

110° 

1542"! 
1542  1 

150° 

39281 
3926 
3922  y 

1542  y 

1542 

3926 

1541  1 

3929  1 

lo43j 

3927J 

120° 

1989") 
1989 

150° 

3937") 
3932  1 

1989  y 

1989 

3931  y 

3932 

1989  1 

3929  1 

1990J 

3929J 

130° 

2524") 
2524 

160° 

4«31"] 
4836 

2523 

■ 

2524 

4828 

- 

4829 

2525 

4824 

2524 

4825^ 
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Fluorhenzene. — I  (^continued). 


Temp. 

Pressure. 

Mean. 

Temp. 

Pressure. 

]\lcan. 

170" 

5848^ 

220° 

13566'1 

5845  1 
5836  !- 

5841 

13564  1 
13550  r 

13558 

5839  1 

13552J 

5S39J 

230° 

15765"] 

180° 

7000"] 

15725  \ 

15739 

6998 
7002  f 

6999 

15726  J 

6996  J 

240° 

181601 
18171  \ 

18171 

180° 

7001"] 

18181 J 

7004 
7014  ' 

7013 

250° 

20934] 

7022, 

20906  \ 
20904  J 

20915 

190° 

8369") 

8373  1 

.  5376 

260° 

23948"! 

8379  ' 

23957  \ 

23956 

8385, 

23964  J 

200° 

99041 

270° 

27355  ] 

9899  1 

9899 

27350  \ 

27356 

9898  f 

27362  J 

9895. 

275° 

— 

29200 

210° 

11625"] 
11613 

11616  r 

11615, 

11617 

279  -95 

31204 

220° 

13559^ 
13562 
13549  r 
13553^ 

13556 

Series  II. 


220° 

13545") 
13532 

240° 

18153") 
18154  1 

13535  Y 

13536 

18143  i- 

18151 

13538 

18147  1 

13529J 

18158J 

230° 

15729") 

250° 

20912") 
20891 

15708  1 
15703  Y 

15709 

20893  y 

20896 

15704 

20889  1 

15703J 

20895J 
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\Fluorhcnzene. — Series  II  (cont iiiucd) . 


Temp. 

Pressure. 

Mean. 

Temp. 

Pressure. 

Mean. 

260" 

21.005"! 

280-6^ 

31462^ 

23963 

31432 

31455 

23962  y 

23964 

31458  f 

23939 
23952^ 

31470, 

283  -3° 

— 

32569 

270° 

27390"! 

285-7 

— 

33608 

27371  1 

J  286 -55 
\  Critical 

— 

33912 1 

27365  f- 
27375  1 

27370 

poiut 

27348J 

Chlorohenzene. — I. 


150° 

1211] 
1213  [ 
1215  J 

1213 

220° 

5033] 
50 12  y 
5043  J 

5039 

160° 

1538] 

1539  y 

1541 J 

1539 

220° 

5071] 
5064  y 
5062  J 

5066 

170" 

1920] 

1922  y 

1923  J 

1922 

230° 

6002] 
5988  y 
5994  J 

5995 

180° 

2370] 
2274  I 
2376  J 

2373 

240° 

7057] 
7065  y 
7078  J 

70G7 

180° 

2371] 
2377  y 
2377  J 

2375 

250° 

8255] 
8262  y 
8281 J 

8266 

190° 

2907] 

2908  y 

2913  J 

2909 

260° 

9612] 
9^33  y 
9655  J 

9633 

200° 

3526] 
3535  y 
3539  J 

3533 

270° 

11163] 

11163  y 

11182  J 

11169 

210-7 

4279] 
4281  y 
4285  J 

4282 

1 

- 
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YOUNG;  VAPOUR-PRESSURES,  ETC.,   OF 
Series  11. 


Temp. 

Pressure. 

Mean. 

Temp. 

Pressure. 

Mean. 

140'' 

939"! 
939  1 

210° 

4231~) 
4227  1 

939  y 

939-5 

4:^31  y 

4229 

940  1 

4228  1 

940J 

4228J 

150° 

1205~1 
1203 
1204.  1- 

220° 

5051"^ 
5054  i 

1204 

5049  y 

5048 

1204 
1205J 

5042  1 

5044J 

150° 

1208"! 
1207  1 

220° 

5064^^ 
5056  1 

1208  y 

1207 

5065  y 

5062 

1207  1 

5062  1 

1206J 

5064J 

1G0° 

1532  1 

1533  I 

230° 

5986"! 
5992  1 

1533  y 

1533 

5979  y 

598^ 

1534  1 

59S6 

1534J 

5989J 

170° 

1921^ 
1921 
1919  1- 

240" 

7047^ 
7049  1 

1919 

7062  |> 
7050 

7051 

1917  1  . 

1918J 

7048J 

180° 

2373"! 
2368  1 

250° 

8265'^ 
8271  1 

2370  y 

2370 

8273  y 

8265 

2370 

8265  1 

2367J 

8251J 

ISO" 

23691 
2370  1 

250° 

8278"! 

8270  1 

2370  }■ 

2370 

8277  }- 

8275 

2370  1 

8276  1 

2371J 

8276J 

190° 

2903^^ 
2S99 
2901  . 

260° 

9661  ~1 
9660  1 

2901 

9646  y 

9648 

2899 

9643 
9643^ 

2902J 

200° 

3520^ 
3521 

270° 

11199~1 
11196 

3522  [ 

3521 

11198  . 

11192 

3521  1 

11186 

3521J 

11187J 
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A  few  determinations -at  Liglier  temperatures  are  given  later  on. 

Bromohcnzcne. — I. 


Temp. 

Pressure. 

Mean. 

Temp. 

Pressure. 

jMcan. 

170° 

1077-^ 

22(f 

3050] 

1079  1 

1079 

3049  \ 

3051 

1079  f 

3054  J 

losoj 

220° 

3051] 

180° 

1348^ 

3051  \ 

3054 

1349  1 
1351  f 

1350 

3060  J 

I352J 

230° 

36461 
3655  i- 

3657 

180° 

1358  "1 
1361/ 

1359 

240° 

3669  J 
4354] 

190° 

1681  ■) 

4358  \ 

4359 

1681  1 

1682  f 

1682 

4364  J 

168-4J 

250° 

5152] 
5154  V 

5154 

200° 

2074  T 

5157  J 

2075  1 
2077  f 

2077 

260° 

6056] 

2O82J 

6056  \ 
6074  J 

6062 

210° 

25191 
2520  1 
2519  f 
2526J 

2521 

Series  II. 


160° 

846-] 

180° 

1354"! 

846 

84G 

1356 

846  f 

1357  y 

1356 

846j 

1357  1 
1358J 

170° 

1071^ 

1073  I 

190° 

1684") 
1684  I 

1073  ^ 

1074 

1075  1 

1685  y 

1684 

1076J 

1684 
1685 

180° 

1347"! 

1348  1 

200° 

2076"] 

1347}- 

1348 

2076 

1349  1 

2076  }■ 
2073  1 

2075 

1348J 

2074J 
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Uromohenzene. — Series  II  {condiiuecl) . 


Temp. 

Pressure. 

Mean. 

Temp. 

Pressure. 

Mean. 

210° 

2532"^ 

240° 

4366  T 

2530 
2529  y 

2529 

4363  1 
4359  f 

4360 

25-28  1 

4353, 

2528J 

250° 

51591 

220° 

3058") 
3054 

5160  1 
5160  f 

5160 

3058  y 

3057 

5160 

3057 

305GJ 

260° 

6096 1 

220° 

3056] 

6098  1 
6089  f 

6090 

3049  1 
3048  ( 

3050 

6O77J 

3048. 

270° 

7118"! 
7106 

230° 

3662-] 

7108  J. 

7105 

3660  1 
3659  r 

3659 

7096 
7096J  . 

3657J 

lodohenzene. — J. 


200° 

991] 

230° 

1853") 

990 

991 

1853  \ 

1854 

991  [ 

1857  J 

99lJ 

240° 

2245] 

210° 

1233] 

2246  \ 

2245 

1230  1 
1234  f 

1232 

2243  J 

1233J 

250° 

2702] 
2699  I 

2700 

220° 

1516"] 

2699  J 

1517  1 
1519  f 

1518 

260° 

3222] 

1520j 

3222  I 
3219  J 

3221 

220° 

1520'] 

1522  Y 

1520 

270° 

3821] 

1518J 

3821  \ 
3819] 

3820 
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Series  II. 


Temp. 

Pressure. 

]Mean. 

Temp. 

Pressure.     Mean. 

220° 

15211 
1521 

250° 

2701"^ 
2703 

1523 

- 

1521 

2701 

2700 

1522 

2699 

1520_ 

2694^ 

230° 

1852^ 

260° 

3216"^ 
3217 

1853 
1856  1- 

1854 

3217 

3216 

1856  1 

3214 

1854J 

3214J 

240° 

2246"^ 
2245  1 

270° 

3812^ 
3812 

2251  )■ 

2247 

3810  , 

3810 

2248  1 

3810  1 

2244J 

380SJ 

lodobenzene  undergoes  slow  decomposition,  shown  by  the  gradual 
coloration  of  the  liquid,  when  exposed  to  light  at  the  ordinary  tem- 
perature. At  higher  temperatures  this  is  much  more  rapid,  and  it  is 
also  to  be  observed  with  bromobcnzene,  at  any  rate  in  contact  with 
mercury.  In  the  experiments  with  these  substances  at  high  tempera- 
tures, the  tube  v/as  therefore  carefully  shielded  from  the  light,  and 
the  decomposition  was  thus  prevented  in  the  case  of  bromobcnzene, 
and  was  reduced  to  a  very  small  amount  with  iodobenzene  ;  but  it 
was  evidently  not  entirely  prevented,  for,  after  being  heated  to  270°, 
the  liquid  when  cold  contained  a  few  fine,  needle-shaped  crystals. 

In  calculating  the  mean  pressures  from  the  results  of  the  two 
series,  greater  weight  has  been  given,  in  the  case  of  chlorobenzene 
and  of  bromobcnzene,  to  the  second  series,  as  the  results  are  in  all 
probability  rather  more  accurate. 

From  the  mean  pressures  at  high  temperatures  and  the  pressures 
read  from  the  curves  at  low  temperatures,  the  constants  for  Biot's 
formula,  logjp  =  a  +  hx'-  +  eft',  were  calculated. 

These  constants  are — 


Benzene, 
a  =  -  8-518142. 


h  =    12-126708 
c  =  —2-184666 

lo?  a=0-0001302029 


log  h  =  1  0837430 
log  c  =  0-3393850 

log  /3       1-99589589 


t  =  ec. 
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Fluorhenzene. 

a  -  3-193520. 
I  =      0-850980  log  h  =  i-9299191 

c  =  -2-723934  log  c  =  0-4351967 

log  «=0-000942654  log  (3  =  i-99636976 

t  =  fC. 

Ghlorobenzene. 

a  =  2-392256. 

I  -       1-317190  log  h  =  0-1196485 

-  c  =  -2-523336  log  c  =  0-4019752 

log  ^=0-00075845  log  ft  =  i-99640773 

t  =  t°C  -  ZO. 

Bromohenzene. 

a  =  6-481438. 
h  =  -4-284691  log  h  =  0-6319196 

c  =  -1-443167  log  c  =  0-1593166 

log  a  =1-99904908  log /3  =  1-99510535 

t  =  t°C-30. 

lodohenzene. 

a  =  3-259593. 

h  =      0-412170  log  b  =  1-6150762 

c  =  -3-501503  log  c  =  0-5442545 

log  a=0-001421982  log  /3  =  1-99675420 

t  =  t°C-  30. 

The  following  table  contains  the  observed  and  calculated  vapour- 
pressures  o£  the  five  liquids  at  definite  temperatures.  The  pressures 
below  760  mm.  are  by  the  dynamical  method,  the  higher  ones  by  the 
statical ;  those  included  in  a  bracket  are  taken  from  previous  papers 
by  Dr.  Ramsay  and  myself. 
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YOUNG:   VAPOUR-PRESSURES,    ETC.,    OF 


Fluorhenzene. 


Pressure. 

Pressure. 

Tcrap. 

Temp. 

Observed. 

Calculated. 

Di£f. 

Observed. 

Calculated. 

Dife. 

-20° 

G-15 

G-15 

0-00 

140° 

3172 

3173 -0 

+  1-0 

-10 

11 

55 

11-61 

+  0-06 

150 

3929 

3931  -4 

2-4 

0 

20 

92 

20-92 

0-00 

160 

4829 

4816-7 

-12-3 

10 

3G 

40 

36-11 

-0-29 

170 

5841 

5841-6 

+  0-6 

20 

60 

54 

59-93 

-0-61 

180 

7006 

7018  -9 

12-9 

30 

9C 

61 

95-94 

-0-67 

190 

8376 

8363-5 

-12-5 

40 

149 

G 

148-56 

-104 

200 

9899 

9890-5 

-8-5 

50 

223 

9 

223-16 

-0-74 

210 

11617 

11617-0 

0-0 

00 

325 

1 

326  -02 

+  0-92 

220 

13550 

13561  -0 

+  11-0 

70 

463 

5 

464 -30 

0-8 

230 

]5724 

15745  -0 

21-0 

80 

644 

C) 

G45-98 

1-08 

210 

18161 

18190-0 

29-0 

90 

883 

0 

879-73 

-3-27 

250 

2090G 

20924 -0 

18-0 

100 

1177 

0 

1174-9 

-2-1 

260 

23960 

23977  -0 

17-0 

110 

1542 

0 

1541-3 

-0-7 

270 

27363 

27384 -0 

21  0 

120 

1989 

0 

1989  -2 

+  0-2 

280 

31217* 

31182-0 

-35-0 

130 

2530  -0 

2529-5 

-0-5 

— 

— 

— 

— 

*  Calculated  from  pressures  observed  at  279  -95°  and  280  '6° 


Clilorohenzene. 


o 

2-52 

2-56 

+  0-04 

150° 

1206 

1206  -0 

0-00 

10 

4-86 

4-86 

0-00 

100 

1534 

1528-3 

—  5  -7 

20 

8-76 

8-83 

0  07 

170 

1920 

1912-8 

-7-2 

30 

15-45 

15-35 

-0-10 

180 

2370 

2367-2 

-2-8 

40 

26-00 

25-68 

-0-32 

190 

2902 

2899 -4 

-2-6 

50 

41-98 

41-46 

-0-52 

200 

3521 

3518-3 

-2-7 

60 

65-54 

64-78 

-0-76 

210 

4229 

4233  -0 

+  4-0 

70 

r  97-9 

98-22 

+  0-32 

220 

5056 

5053  -8 

-2-2 

80 

144-75 

144-88 

0-13 

230 

5989 

5991-8 

+  2-8 

90 

208 -35 

208-35 

0-00 

240 

7048 

7059  -6 

11-6 

100 

H 

292  -75 

292-76 

o-oi 

250 

8270 

8270-5 

0-5 

110 

402-55 

402  -72 

0-17 

200 

9647 

9639  -8 

-7-2 

120 

542-8 

543-31 

0-51 

270 

11188 

11185  0 

-3-0 

130 

718  -95 

720-03 

1-08 

280 

— 

12925-0 

— 

140 

939-4 

938-84 

-0-56 

— 

""■ 
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JBromohenzene. 


^ 

Pressure. 

Temp. 

Temp. 

Observed. 

C'ak-ulatcd. 

Diff. 

Observed. 

Calculated. 

Diff. 

30° 

5-67 

5-67 

0  00 

160° 

846 

840-81 

-5-10 

40 

9-99 

10-00 

+  0 

01 

170 

1077 

1071-6 

-5-4 

50 

16-96 

16-92 

-0 

OL 

180 

1351 

1349-3 

-1-7 

60 

27-61 

27-54 

-0 

07 

190 

1681. 

1379  -9 

-4-1 

70 

43-55 

43-31 

-0 

21 

200 

2075 

2070-1 

-4-9 

80 

66-22 

G6-01 

-0 

21 

210 

2527 

2527  -0 

0-0 

90 

97-72 

97-80 

+  0 

08 

220 

3055 

3057  -8 

+  2-8 

100 

141-1 

141 -23 

0 

13 

230 

3659 

3670-2 

11-2 

110 

fl98-7 

199  -26 

0 

56 

240 

4360 

4372-5 

12-5 

120 

1  274  -9 

275  -26 

0 

3G 

250 

5160 

5173  -0 

13-0 

130 

<;  372  -65 

373  -02 

0 

37 

260 

6079 

6080-8 

1-8 

140 

1  495-8 

496-73 

0 

93 

270 

7105 

7104  -8 

-0-2 

150 

L649 -05 

651-0 

1'95 

280 

— 

8254  -9 

— 

■  lodohenzene. 


30° 

1-48 

1-48 

0  00 

160° 

367-3 

367 -43 

+  0-13 

40 

2  74 

2-73 

-0-01 

170 

479-7 

480  -4 

0-07 

50 

4-85 

4-83 

-0-02 

180 

618-7 

619-26 

0-56 

60 

8-30 

8-24 

-0-06 

190 

793-0 

787-88 

-5  12 

70 

13-65 

13-57 

-0-08 

200 

991-0 

990  -60 

-0-40 

80 

21  -78 

21-64 

-0-14 

210 

1232  -0 

1232  -0 

0-00 

90 

33-50 

33-50 

0-00 

220 

1520-0 

1517-1 

-2-9 

100 

50-23 

50-41 

+  0-21 

230 

1854-0 

1851  -5 

-2-5 

110 

73-88 

74-04 

0-16 

240 

2246  -0 

2211-2 

-4-S 

120 

105-4 

106-16 

0-76 

250 

2700  -0 

2693  -2 

-6-8 

130 

148-3 

148-96 

0  60 

260 

3218  -0 

3214  -9 

-3-0 

140 

204-9 

204 -89 

-001 

270 

3815-0 

3815  -0 

0  0 

150 

276-7 

276  -70 

0-00 

280 

• — ■ 

4503  -4 

— 

Specific  Gravities  and  Molecular  Volumes. 

"Witli  tlie  larger  quantities  of  liquid,  readings  of  volume  were  taken 
at  each  tenth  degree  from  30°  to  270°  or  280°,  and  also  at  a  little 
below  the  atmospheric  temperature  with  the  tube  cooled  by  a  current 
of  cold  water.  The  volumes  at  low  temperatures  were  mapped  against 
temperature,  the  curves  continued  to  O'',  and  volumes  read  off  at  the 
temperatures  at  which  specific  gravity  determinations  had  been  made. 
In  this  way,  data  for  two  independent  calculations  of  the  weight  of 
substance  were  in  each  case  available. 

The  data  and  the  calculated  weisrhts  are  "riven  below. 
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YOUNG:   VAPOUR-PRESSURES,   ETC.,   OF 


Substance. 

Temp. 

Volume 
from  curve. 

Sp.  gr. 
observed. 

Weight 
in  grams. 

Mean 
vreight. 

0"" 
18-0'' 

0-3240 
0  -3309 

0  -90006 
0  88118 

0-2916 
0-2916 

0-2916 

riuorbenzcne 

0° 

0  -5344 

1  -04653 

0  -5593 

0-5593 

12  -86° 

0  -5422 

1  -03149 

0-5593 

— 

Chlorobenzene    .... 

0° 

0-5626 

1  -12786 

0-6345 

0  -6346 

16-0^ 

0-5714 

1  -11093 

0 -6348 

— 

Bromobenzene 

0' 

0-5216 

1-52182 

0  -7938 

0-7938 

14-55' 

0-52835 

1  -50242 

0  -7938 

. — 

lodobenzcne   

0^ 

0  -4905 

1  -86059 

0-9126 

0-9123 

15  -21° 

0  -4967 

1  -83798 

0-9129 

" 

The  results  obtained  are  given  in  the  following  table  : — 


Table  IV. — Benzene. 


Temp. 

Volume 

Vol.  of 

Molecular 

Temp. 

Vol. 

Vol.  of 

Molecular 

in  c.c. 

1  gram. 

volume. 

in  c.c. 

1  gram. 

volume. 

0° 

1-11104 

86  -483 

160° 

0-4059 

1  -3918 

108-34 

8-6° 

0-3275 

1230 

87 -42  • 

170 

0 -4140 

1  -4198 

110-51 

14-5 

0  -3293 

1294 

87  91 

180 

0-4223 

1  -4480 

112-71 

18-0 

— 

13484 

88  -336 

190 

0-4315 

1  -4798 

115  -19 

30-0 

0  -3358 

1514 

89-63 

200 

0  -4415 

1-5139 

117  -84 

40-0 

0 -3400 

1661 

90  -77 

210 

0-4533 

1-5546 

121  -01 

50-0 

0-3444 

1812 

91-95 

220 

0  -4661 

1  -5986 

124  -43 

60-0 

0 -3489 

1966 

93-15 

230 

0 -4808 

1  -6487 

128-33 

70-0 

0-3535 

2124 

94-37 

240 

0  -4984 

1  -7091 

133  -03 

80-0 

0-3580 

2278 

95-57 

250 

0-5198 

1 -7827 

138  -76 

90-0 

0-3626 

2436 

96  80 

260 

0  5473 

1  -8770 

146 -11 

100-0 

0-3679 

2615 

98-20 

270 

0  -5850 

2  -0063 

156-17 

110-0 

0-3734 

2806 

99-69 

280 

0-6460 

2-2154 

172  -45 

120-0 

0 -3791 

3000 

101-19 

284-3 

0-6921 

2-3735 

184-75 

130-0 

0  -3854 

3214 

102-86 

286-1 

0-7150 

2  -4521 

190-87 

140-0 

0-3919 

3440 

104-61 

288-0 

0  7563 

2  -5935 

201 -87 

150-0 

0  -3989 

1  -3680 

106  -49 

288  -5* 

0-8215 

2-817 

219-3 

Critical  temperatui-e. 
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Fluorhenzene. 


Temp. 

Volume 

Vol.  of 

Molecular 

Temp. 

Volume 

Vol.  of 

j\Iolecular 

iu  c.c. 

1  gram. 

volume. 

in  c.c. 

1  gram. 

volume. 

0° 

_ 

0-95554 

91  -512 

160" 

0-6687 

1  -1957 

114-55 

10 

0  -5105 

0  -9665 

92  -59 

170 

0-6S18 

1  -2190 

116 

78 

12-86 

— 

0  -96947 

92-875 

180 

0  -6959 

1-2442 

119 

20 

30-0 

0-5535 

0-9897 

94-81 

190 

0-7118 

1  -2727 

121 

92 

40  0 

0-5601 

1 -0014 

95-93 

200 

0-7291 

1  -3035 

124 

88 

50-0 

0-5G67 

1  -0156 

97-30 

210 

0-7477 

1  -3369 

128 

08 

CO-0 

0-57-10 

1  -0263 

98-32 

220 

0-7699 

1  -3765 

131 

87 

70  0 

0-5S12 

1  -0393 

99-56 

230 

0-7949 

1  -4213 

136 

16 

80-0 

0  -5890 

1  -0531 

100 -89 

240 

0  -8238 

1  -4729 

141 

10 

90-0 

0-5971 

1  -0676 

102 -27 

250 

0  -8599 

1  -5375 

147 

29 

100-0 

0-0058 

1-0831 

103  -76 

260 

0  -9074 

1  -6225 

155 

4t 

110-0 

0-G148 

1-0993 

105 -31 

270 

0  -9745 

1  -  7424 

166 

93 

120  -0 

0  -G215 

1-1166 

106  -97 

275 

1  -0240 

1  -8309 

175 

40 

130-0 

0-G34S 

1-1349 

108  -73 

280 

1  -0896 

1  -9482 

186 

64 

140-0 

0  -6454 

1  -1540 

110-55 

280-6 

— 

1 -97641 

189 

34 

150-0 

0-G565 

1-1738 

112  -71 

*286 -55 

— 

2  -4351 

233-2 

Chlorobenzene. 


o 

-2 

0-5696 

•4 

0-5709 

•6 

0-5713 

-2 

0  -5717 

•0 

— 

•0 

0-5793 

-0 

0  -5851 

•0 

0-5908 

-0 

0  -5966 

-0 

0  -6029 

-0 

0 -6091 

-0 

0-6158 

-0 

0  -6226 

-0 

0  -6297 

-0 

0  -6372 

0 -88664 
0  -8976 
0-8996 
0-9003 
0  -9009 
0-90015 
0  -9129 
0  -9220 
0-9309 
0  -9402 
0-9500 
0  -9598 
0  -9704 
0-9811 
0-9922 
1-0040 


99-48 
100-71 

100  -94 

101  -08 
101-01 
101 -00 

102  -43 
103-44 
104-45 
105-48 

106  -59 

107  -69 

108  -88 
110-08 
111-33 
112  -65 


130° 

0-6451 

150 

0-6611 

160 

0  -6693 

170 

0  -6784 

180 

0  -6880 

190 

0-6980 

200 

0-7087 

210-7 

0  7210 

220 

0-7318 

230 

0-7450 

240 

0  -7595 

250 

0  -7743 

260 

0-7916 

270 

0-8100 

— 

— 

-0166 
-0418 
•0548 
-0690 
•0841 
-0999 
•1167 
•1361 
•1531 
•  1740 
1968 
•2201 
1  -2474 
1  -2764 


114-06 
116-89 
lis  -34 
119-94 
121  -63 
123 -41 
125  -29 
127  -47 
129-37 
131  -72 
134-28 
136  -89 
139-95 
143  -21 


*  Critical  temperature. 

t  With  smaller  quantity,  compared  at  lower  temperatiu-es  with  larger. 
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Broviohenzene. 


Temp. 


Yolume  i 
in  c.c. 


Vol.  of 
1  gram. 


Molecular 
volume. 


Temp. 


Volume 
in  c.c. 


Vol.  of 
1  gram. 


Molecular 
volume. 


0° 

0-65711 

102 -90 

140° 

0-5971 

13-1 

0  -5273 

0 

6043 

104 -03 

150 

0-6038 

14-55 

— 

0 

66559 

104-23 

160 

0  -6109 

30-0 

0  -5358 

0 

6750 

105  -70 

170 

0-6179 

40-0 

0-5406 

0 

6S11 

106  -65 

180 

0-6252 

50-0 

0  -5457 

0 

6875 

107  -m 

190 

0-6333 

60-0 

0  -5508 

0 

6939 

108  -67 

200 

0-6412 

70  0 

0-5562 

0 

7007 

109 -73 

210 

0-6501 

80-0 

0-5613 

0 

7071 

110-74 

220 

0-6595 

90-0 

0'566S 

0 

7140 

111  -82 

230 

0-GG84 

100-0 

0-572G 

0 

7197 

112-96 

240 

0  -6791 

110-0 

0-5782 

0 

7284 

114  -07 

250 

0  -6896 

120  0 

0-5844 

0 

7362 

115-29 

260 

0-7019 

130  0 

0  -5906 

0 

7441 

116-52 

270 

■ — 

0  -7523 

0  -7607 
0-7696 
0  -7784 
0-7876 
0-7978 
0  -8074 
0-8190 
0  -8308 
0-8420 
0-8555 
0  -8688 
0 -8842 
0  -901* 


117 
119 
120 
121 
123 
124 
126 
128 
130 
131 
133 
136 
13S 
141 


-80 
•12 
-52 
•90 
-34 
•94 
•44 
-25 
-10 
-85 
-97 
•05 
-46 
•1 


lodohenzene. 


0° 

©•53746 

109  -32 

130° 

0-5493 

0 

6018 

122  -40 

10-0 

0  -4943 

0  -5415 

110  •IS 

140 

0  -5548 

0 

6078 

123  -62 

11^0 

0  -4949 

0  -5422 

110^28 

150 

0-5603 

0 

6137 

124 -S3 

15^21 

— 

0^54407 

110^66 

160 

0  -5657 

0 

6198 

126 -09 

15  7 

0 -4971 

0^5446 

110  ^77 

170 

0-5715 

0 

6261 

127-34 

30  0 

0  -5030 

0^5510 

112  -08 

180 

0-5777 

0 

6328 

128  '72 

40^0 

0-5074 

0^5559 

113 -06 

190 

0  -5841 

0 

6399 

130-15 

50^0 

0  -5115 

0-5603 

113  -97 

200 

0  -5900 

0 

6464 

131  -4S 

60  0 

0-5157 

0  -5649 

114-91 

210 

0  -5960 

0 

6529 

132-81 

70^0 

0-5205 

0-5703 

115-99 

220 

0  '6039 

0 

6616  . 

134  -57 

80-0 

0-5249 

0-5750 

116-95 

230 

0-6109 

0 

6693 

136-13 

90  0 

0^5292 

0-5798 

117  -92 

240 

0-6182 

0 

6773 

137  -75 

100^0 

0  ^5345 

0  -5855 

119  -10 

250 

0-6260 

0 

6858 

139-49 

110-0 

0-5391 

0 -5906 

120  -13 

260 

0-6347 

0 

6952 

141  -40 

120-0 

0  5444 

0-5964 

121-30 

270 

0  6441 

0  -7056 

143-51 

In  calculating  the  molecular  volumes,  the  following  molecular 
■weights  were  taken  : — 

Eenzene.        Fluorbenzene.    Chlorobenzene.     Bromobenzene.      lodobenzene. 
77-84  95-8  112-2  156-6  2U3-4 

I  have  not  thought  it  necessary  to  calculate  tlie  constants  for  any 
formula  such  2i?,Yt  =  Yo  +  at  -\-  If-  -\-  cf  + .  .  .  ■■■,  the  range  of  tem- 
perature is  so  great  that  it  is  doubtful  whether  the  formula  with 
three  constants  would  reproduce  the  results  with  sufficient  exactness. 

The  dilatation  of  benzene  between  0°  and  80°  has  been  determined 


With  smaller  quantity,  compared  at  lower  temperatiu-es  -with  larger. 
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by  several  observers,  the  volumes  being  given  in  terms  of  tbat  at  0° 
taken  as  unity.  The  following-  table  comprises  the  various  results  for 
each  10"  :— 

Volume. 


Temp. 

Young. 

Kopp. 

Loiigiiinine. 

Adrieeuz. 

Pisati  and 
Paterno. 

0' 

1  -0000 

1  -00000 

1  -0000 

1  -00000 

1  -0000 

10 

1-0110 

1  -01190 

1-0122 

1 -01 169 

1-0118 

20 

1  0241 

1  -02410 

1-0245 

1  -02367 

1  -0241 

30 

1  -0303 

1  -03003 

1 -0371 

1  -03603 

1  -0368 

40 

1  -0496 

1  -04961 

1  -0500 

1 -04887 

1  -0500 

50 

1  -0032 

1 -0G302 

1  -0622 

1  -06228 

1  -0030 

60 

1 -0770 

1  -07692 

1  -0774 

1  -07637 

1  ■077'5 

70 

1-0912 

1  -09136 

1  -0910 

1  -00123 

1  -0921 

80 

1-1050 

1-10641 

1-1065 

1-10696 

1-1070 

Witli  tlio  exception  of  tliose  at  10'  and  20^,  which  were  read  from 
a  curve,  the  volumes  imder  my  name  were  calculated  from  the  actual 
readings.  The  agreement  with  Kopp's  values  is  extremely  close  from 
0°  to  70° ;  at  80°  it  is  less  satisfactory.  A  few  determinations  of 
specific  gravity  and  vapour-pressure  at  irregular  intervals  of  tempera- 
ture are  given  by  Neubeck  (Zeit.  phjsiJcal.  Chem.,  1,  G5-i). 


Critical  Points  of  Benzene  and  Fluorhenzene. 

Benzene. — The  temperature  was  raised  slightly  above  the  critical 
point,  and  observations  were  taken  after  lowering  the  temperature  by 
small  stages. 

Temperature. 
289-25°.  Xo  meniscus. 

289-1".     Slight  fog  below  ;  strifB  visible  on  increasing  the  volume. 
2S8"7^.     Permanent  mist   through  the  tube,  becoming  denser  on 

increasing  the  volume  ;  no  meniscus. 
288'6°.     Very  extended  cloud,  within  v/hich  the  meniscus  became 

visible  for  a  short  time  on  increasing  the  volume  slightly. 
288-5°.     Meniscus  just  visible ;  it  disappeared  and  reappeared  on 

alternately  decreasing  and  increasing  the  volume. 
288-35°.  Meniscus  quite  visible ;    appearance  of  rain  upwards  and 

downwards,  meeting  at  meniscus. 

The  critical  constants  are: — Temperature,  288'5'';  pressure, 
30,395  mm. ;  volume  of  a  gram,  2-82  c.c.  Sajotschewsky  gives  280-6° 
and  49-5  atm.,  and  Ramsay,  291-7  and  60-4  atm. 

Fluorhenzene. — The  observations  were  made  in  the  order  given  : — 

2  N  2 
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Temperature. 

288°.        N'o  meniscus  or  cloudiness. 

28G-9^.     Faint  cloudiness  near  bottom  of  tube,  becoming  denser  on 

slightly  increasing  the  volume. 
286'7°.     Distinct  cloudiness  near  bottom  of  tube,  faint  near  the  top  ; 

strio3  on  increasing  the  volume. 
286"45°.  IMeniscus  just  visible. 

286"65°.  Rather  dense  cloud  where  the  meniscus  was. 
286'55°.  Meniscus    appeared    or     disappeared    on    increasing     or 

decreasino'  the  volume. 


Critical  temperature,  286'o5'' 
pressure,  33,912  mm. 


critical  volume,   2*43  c.c.  ;  ci'itical 


Ratios  of  Absolute  Temijeratures  corresponding  to  Equal  Pressures. 

Curves  were  constructed  from  the  vapour-pressures  recalculated  bv 
means  of  Biot's  formula,  taking  the  temperatures  as  ordinates  and 
loo-aritlims  of  the  pressures  as  abscissse.  Temperatures  corresponding 
to  definite  pi'essures  were  then  read  from  the  curves,  the  pressures 
beino-  the  same  for  each  substance.  The  following  table  gives  the 
temperatures,  centigrade  and  absolute,  of  the  five  compounds,  corre- 
sponding to  these  pressures,  and  for  comparison,  the  absolute  tem- 
peratures calculated  in  the  manner  described  later,  and  lastly  the 
differences  between  the  read  and  recalculated  temperatures  : — 

Table  Y. — Benzene. 


Temjieratvirc. 

Pressure. 

Centigi-acle. 

Absohite. 

Difference. 

From  curve. 

Eecalculated. 

20 

-5-0 

268-0 

268-15 

+  0-15 

50 

+  11-8 

284-8 

264-75 

-0-05 

100 

2G-25 

299  -25 

299  -15 

-0-1 

200 

42-4 

315-4 

315-85 

-0  05 

400 

60-8 

333-8 

333-75 

-0-05 

760 

80-25 

353-25 

353-3 

+  0  -05 

1000 

89-5 

362-5 

362-55 

+  0-05 

2000 

1G5'35 

388-35 

388-6 

+  0-25 

3000 

132-7 

405-7 

405  -75 

+  0-05 

4000 

140  -0 

419-0 

419  -05 

+  0-05 

7000 

175  05 

448-05 

448-1 

+  0-05 

10000 

196-05 

469-05 

468-85 

-0-2 

12000 

207-35 

480  -35 

480-15 

-0-2 

15000 

222  -1 

495-1 

495  -15 

+  0-05 

20000 

242-2 

515-2 

515-3 

+  0-1 

25000 

258-8 

531-8 

531-7 

-0-1 

30000 

272-9 

545-9 

545  -85 

-0-05 
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FhiorJjcnzene. 


Pressure. 

Tempei'ature. 

Centigrade. 

Absolute. 

Difference. 

From  cui've. 

Kecalculated. 

5 



— 

251  -0 

— 

10 

-12 

35 

200  -65 

2(il  -1 

+  0  -45 

20 

-0 

75 

272  -25 

272-55 

+  0-3 

50 

+  1G 

3 

289  -3 

289  -3 

+  0-0 

100 

30 

9 

303-9 

303 -75 

-0-15 

200 

47 

25 

320  -25 

320  -05 

-0-2 

400 

65 

75 

338 -75 

338-55 

-0-2 

7G0 

85 

1 

358  -1 

358-15 

+  0  05 

1000 

94 

3 

367-3 

367-4 

+  0-1 

2000 

120 

25 

393 -25 

393-5 

+  0-25 

3000 

137 

4 

410  -4 

410  -65 

+  0-25 

4000 

150 

8 

423  -8 

423  -95 

+  0-15 

7000 

1711 

8 

452  -8 

452-9 

-rO-l 

10000 

200 

6 

473  -6 

473  -55 

-0-05 

12000 

211 

95 

484  -95 

484  -8 

-0-15 

15000 

226 

7 

499-7 

499-7 

0-0 

20000 

246 

7 

519-7 

519-7 

0-0 

25O0O 

2G3 

0 

536-0 

536-0 

0-0 

30000 

277-0 

550-0 

550-0 

0-0 

Ghlorobenzene. 


5 

10  -35 

283-35 

283 -85 

+  0-5 

10 

22  1 

295-1 

295-25 

+  0-15 

20 

35  -05 

308 -05 

308-2 

+  0-15 

50 

54-1 

327-1 

327-15 

+  0-05 

100 

70-4 

343-4 

343-5 

+  0-1 

200 

88-95 

361 -95 

361-9 

-0-05 

400 

109-8 

382  -8 

382-85 

+  0-05 

760 

131-9 

404-9 

405  -0 

+  0-1 

1000 

142-4 

415-4 

415  -45 

+  0-05 

2000 

172-0 

445-0 

444-95 

-0-05 

3000 

191  -6 

464-6 

464-35  ■ 

-0-25 

4000 

20G  -9 

479-9 

479  -4 

-0-5 

7000 

239-5 

512  -5 

512-15 

-0-35 

10000 

262-35 

535  -35 

535  -5 

+  0-15 

12000 

274  -75 

547 -75 

548-2 

+  0-45 

Bromohenzene. 


5 

27-9 

300-9 

300-55 

-0-35 

10 

40-0 

313-0 

312-65 

-0-35 

20 

53-3 

326-3 

326-35 

+  0-05 

50 

73-3 

346-3 

346-4 

+  0-1 

100 

90-6 

363-6 

363-7 

+  0-1 

200 

110-05 

383 -05 

383  -25 

+  0-2 

400 

132-3 

405-3 

405  -4 

+  0-1 

760 

156-0 

429-0 

428-85 

-0-15 

1000 

107 -05 

440-05 

439-95 

-0-1 

2000 

198-3 

471-3 

471-15 

-0-15 

3000 

219-0 

492-0 

491-7 

-0-3 

4000 

234  -95 

507-95 

507 -65 

-0-3 

7000 

269-05 

542-05 

542-3 

+  0-25 

510 
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lodobenzene. 


Temperature. 

Pressure. 

Centigrade. 

Absolute. 

DifEerenee. 

From  curre. 

Eecalculated. 

5 

50 -G 

323-6 

323-4 

-0-2 

10 

63-75 

336-75 

336-4 

-0-35 

20 

78-25 

351  -25 

351-15 

-0-1 

50 

99-75 

372-75 

372-75 

0-0 

100 

118-3 

391-3 

391 -35 

+  0-05 

200 

189  -2 

412-2 

412  -35 

+  0-15 

400 

163-1 

436-1 

436  -2 

+  0-1 

760 

188-55 

461-55 

461 -45 

-0-1 

1000 

200-5 

473  -5 

473-35 

-0-15 

2000 

234-0 

507-0 

507-0 

0-0 

3000 

256-0 

529-0 

529-1 

+  0-1 

4000 

272-65 

545-65 

546-2 

+  0-55 

The  method,  of  calculation  adopted  -svas  as  follows : — The  ratios  of 
the  absolute  temperatures  of  each  of  the  substances  with  that  of 
fluorbenzene  were  first  calculated  at  each  pressure,  and  these  are 
given  in  the  table  below.  It  will  be  seen  that  the  ratios  of  the 
absolute  temperatures  of  benzene  to  those  of  fluorbenzene  rise  slowly 
with  rise  of  pressure,  but  that  the  other  ratios  clo  not  exhibit  any 
decided  tendency  to  rise  or  fall. 

Table  YI. — Ratios  of  Absolute  Temperatures. 


Pressm-e. 


CfiH.P' 


Calculated.   Eecalculated. 


CsHsBr 
C.H.P' 


10 

20 

50 

100 

200 

400 

760 

1000 

2000 

8000 

4000 

7000 

10000 

12000 

15000 

20000 

25000 

30000 


-9844 

0- 

9844 

0- 

-9847 

0- 

-9848 

0- 

•9854 

0- 

-9865 

0- 

-9869 

0- 

-9875 

0- 

-9885 

0- 

-9887 

0- 

-9895 

0- 

•9904 

0- 

-9905 

0- 

-  9908 

0- 

-9914 

0- 

-9922 

0- 

-9925 

0- 

-9838 
-9843 
-9848 
-9853 
-9859 
•9865 
-9869 
•9876 
-9881 
•9885 
-9894 
-9901 
-9904 
-9909 
-9916 
-9921 
-9925 


-1322 
-1315 
-1307 
-1300 
-1302 
•1300 
-1307 
•1310 
-1316 
-1321 
-1324 
-1318 
•1304 
-1295 


-2008 
-1985 
•1970 
•1964 
•1961 
•1965 
•1981 
•1981 
-1985 
-1988 
-1986 
-1971 


-2920 
-2902 
-2885 
-2876 
-2871 
-28^4 
-2S89 
•2891 
•2893 
•2890 
•2875 
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The  recalculated  ratio's  betweon  benzene  and  fluorbenzene  are  given 
by  the  equation  R'  =  R  -h  c(i'  —  t),  where  R  =  0-9838,  c  =  0-000031.3, 
/'  is  the  temperature  (centigrade)  of  fiuorbenzone,  and  ^  =  0.  It  will 
be  seen  that  the  recalculated  ratios  agree  remarkably  well  with  tliose 
calculated  from  the  temperatures  read  from  the  vapoui'-pressure 
curves. 

In  order  to  judge  whether  the  deviations  of  the  remaining  ratios 
from  constancy  may  bo  attributed  to  errors  in  the  experimental  work, 
in  the  calculation  of  the  constants  for  Biot's  formula,  or,  lastly,  in  the 
gi-aphical  construction  of  the  vapour-pressure  curves  or  the  read- 
ing of  temperatures  corresponding  to  definite  pressures  from  those 
curves,  the  simplest  plan  would  doubtless  be  to  take  the  temperatures 
of  one  substance,  say  fluoi'benzene,  as  correct,  and  to  recalculate  the 
absolute  temperatures  of  the  other  liquids  from  these,  taking  the 
formula  R'  =  R  +  c(t'  —  t)  for  benzene,  and  the  simple  foi'mula 
R'  =  R  in  the  other  three  cases.  But  this  method  of  calculation  is 
open  to  the  objection  that  any  snaall  error  in  the  temperature  of 
fluorbenzene  would  be  reproduced  in  those  of  the  other  bodies,  and 
Avould  be  exaggerated  in  the  case  of  the  higher  boiling  substances. 

The  calculation  was  therefore  made  in  two  stages  : — Firstly,  the 
absolute  tcmpei-aturcs  of  fluorbenzene  were  recalculated  from  those 
of  each  of  the  other  substances,  and  the  mean  of  all  the  temperatures 
at  each  pressure  (including  in  each  case  that  read  from  the  vapour- 
pressure  curve)  were  compared  with  the  read  temperatui'es.  These 
mean  temperatures  are  given  in  Table  V  under  fluorbenzene  in  the 
fourth  column,  and  the  differences  from  the  read  temperatm^es  in  the 
fifth  column.  It  will  be  seen  that  the  greatest  difference  0"45°  is,  as 
might  be  expected,  at  the  lowest  pressure,  10  mm.  The  difference  in 
pressure  corresponding  to  this  difference  in  temperature  is  0'27  mm. 
Considering  that  Regnault's  individual  observations  of  the  vapour- 
pressure  of  water  at  0°  show  an  extreme  variation  of  0*195  mm.,  and 
that  the  mean  pressures  calculated  for  each  of  his  12  series  of 
experiments  exhibit  a  maximum  difference  of  0"152  mm.,  this  differ- 
ence of  0"27  mm.  iu  the  case  of  fluorbenzene  is  perhaps  not  outside  the 
limit  of  unavoidable  experimental  error.  It  is  to  be  noticed  also  that 
the  boiling  point  of  fluorbenzene  under  a  pressure  of  10  mm.  is  —12°, 
and  below  0'^  the  corrections  for  the  thermometer  could  be  obtained 
only  by  extrapolation. 

Assuming  now  that  these  mean  temperatures  of  fluorbenzene  are 
correct,  the  absolute  temperatures  of  benzene  and  the  other  halogen- 
derivatives  were  recalculated  by  means  of  the  same  constants  as- 
before,  and  the  recalculated  temperatures  are  given  and  compared 
with  the  read  temperature  in  Table  V.  It  will  be  seen  that  the 
greatest  error  in  the   whole  table  is   0'55°,  with  iodobcuzene   at  the 
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hio-liest  temperature,  and  it  lias  already  been  mentioned  tliat  tliis 
liquid,  -when  in  contact  with  mercury,  undergoes  slight  decomposition 
at  a  temperature  of  270°,  even  when  shielded  from  the  light.  From 
20  mm.  to  3000  mm.,  the  greatest  error  in  the  table  is  0'3°,  and 
below  20  mm.  (excluding  fiuorbenzene)  the  most  serious  error  is  that 
of  chlorobenzene  at  5  mm.,  amounting  to  0'5°,  but  in  this  case  the 
corresponding  eiTor  in  pressure  is  only  0"15  mm. 

Even  if  the  temperatures  of  fiuorbenzene  as  read  from  the  vapour- 
pressure  ciu'ves  be  taken  as  the  basis  of  calculation,  the  errors  at 
pressures  at  and  above  20  mm.  are  not  greatly  increased;  for  benzene, 
the  maximum  error  is  the  same,  +0-2.5°,  at  400  mm.,  as  against 
+  0-25  at  2000  mm.;  for  chlorobenzene,  —0-65°  at  4000  mm.,  and 
+  0-65  at  12000  mm.,  as  against  —0-5°  at  4000  mm.;  for  bromo- 
benzene,  —0-6°  at  3000  mm.  as  against  —0-3  at  3000  and  4000  mm., 
and  for  iodobenzene,  — 0"5  at  20  mm.,  as  against  +0"55  at  4000  mm. 

In  conclusion  it  may,  I  think,  be  stated  that  the  relations  stated 
below,  by  means  of  which  the  absolute  temperatures  given  in  Table  \' 
as  "recalculated"  have  been  obtained,  hold  good  within  the  limits  of 
experimental  error. 

Liquids  compared.  Ratios  of  absolute  temperatures  at  equal  pressures. 

CsHs/CeHsF  W  =  0-9838  +  0-0000313i  (t  =  f  C.  of  fiuor- 
benzene). 

CeHsCl/CsHsF  =  1-1308 

C6H5Br/C6H5F  =  1-1974 

CeHJ/CeHsF  =  1-2884 

CeHsBr/CfiHsCl  =  1-0589 

C5H5I/C6H5CI  =  1-1394 

CoHJ/CcHsBr  =  1-0760 

Relations  hetween  the  Molecular  Volumes. 

It  seemed  likely  that  any  simple  relation  which  may  exist  between 
the  specific  or  molecular  volumes  of  different  liquids  would  be  most 
readily  foiind  by  first  comparing  closely  related  substances  such  as 
those  chosen.  The  very  complete  and  accurate  series  of  determina- 
tions by  Thorpe  have  already  led  to  an  important  generalisation  by 
Mendeleeff  {Trans.  Chem.  Soc,  1884,  126),  and  this,  combined  with 
the  theoretical  conclusions  of  Van  der  Waals,  has  in  the  hands  of 
Thorpe  and  Riicker  afforded  a  method  of  calculating  the  approximate 
critical  temperatui'e  of  a  liquid  from  its  rate  of  expansion  at  constant 
pressure  at  temperatures  below  the  ordinary  boiling  point.  But  it 
appears  to  me  that  one  at  least  of  the  conclusions  of  Van  der  Waals 
is  open  to  question.     In  Roth's  translation   (Leipsig,  1881,  128)  of 


BENZENE   AND   ITS   HALOGEN   DERIVATIVES.  513 

Van    del-   Waals'    Dissertation    ("Die  Continuitiit"),    tl;c    following- 
passages  occur  : — "  Ist  f  iir  verscliiedene  Korper  die  absolute  Tenipe- 
ratur  dorselbe  Thoil    dei-    kritischen    Tenipci'atur,  so    ist   auch  der 
Druck   des    gcsattigten    Dampfes    fiir    diesclben    ein   gleicTi   grosser 
Thcil  des  kritischen   Drucks     .     .     .     .     so  ist  auch  das  Volumen, 
sowohl   das  des  gesiittigten  Dampfes,  "wie  das  der    Fliissigkeit,    ein 
gleich  grosser  Theil  des  kritischen  Volumens  ;"  and  later  "  Hat  man 
fiir    verschiedene     Korper   die    Grenzcurve    construirt — wobei    man 
Druck  und  Volumen  in  solchen  Maasscn  nimmt,  dass  die  Culmiua- 
tions-piinkte  zusummenfallen — so  fallen  die  Curven  ganz  zusammen." 
The  first  of  these  laws  docs  not  appear  to  me  to  be  even  approxi- 
mately true.     It  Avould  be  diflficult  to  find  two  bodies  more  likely  t(i 
give  results  in   conformity  Avith   tlie   law,  if  true,  than  benzene  and 
fluorbenzene.      Their  boiling  points  do  not  difier  by  so  much  as  5" 
at  any  pressure  between  20  mm.  and  the  critical  pressure  of  fluor- 
benzene  so  that  temperature  readings  are  always  on  the  same  part 
of  the  thermometric  scale,  and  as  the  substances  were  always  heated 
by  the  vapours  of  pure  liquids  boiling  under  known  pressures,  there 
can  be  no  question  of  the  fluctuations    of  the   zero  point  of  a  ther- 
mometer.     Again   the   critical  pressures  and    temperatures  are    not 
very  different,  the  temperatures  being  especially  close  together ;  the 
compounds  are  chemically  nearly  related  ;  moreover  the  observations 
have  been  made  by  the  same  observer,  by  the  same  method,  Avith  the 
same   apparatus,  and  as  nearly  as   possible  at  the  same  time.     Even, 
tlierefoi-e.  if  the   experimental  work  is  only  moderately  accurate,  any 
errors  in  the  thermometric  scale,  in  the  calibration  of  the  pressure 
gauges   and  so   on,  would  have   comparatively  little  influence.     Yet 
the  following  table  shows   that  when  the  absolute  temperatures  of 
the  two  bodies  are  in  each  case  made  proi^ortional  to  the  critical  tem- 
peratures, the  corresponding  pi-essures  are  very  far  from  bearing  a 
constant  ratio  to   each  other.     On  the  other  hand,  the  ratios  of  the 
molecular  volumes  at  these  temperatures  are  nearly  constant,  and  do 
not  differ  seriously  from  the  ratio   of  the   observed   critical  volumes, 
but,  as  will   be  seen    from    Table   VIII,  equally   concordant  though 
different  results  are  obtained  by  taking  pressures  proportional  in  each 
case  to  the  critical  pressures. 

It  will  be  seen  that  these  ratios  are  unifoi-mly  lower  than  those  in 
Table  VII,  but  the  deviation  from  constancy  is  nearly  the  same  in 
both  cases.  If  the  critical  volumes  could  be  directly  observed  with 
sufficient  accuracy,  it  would  of  course  be  possible  to  decide  which  of 
the  two  methods  of  comparison  gives  the  better  results,  but  it  is 
unfortunately  impossible  to  reduce  the  possible  error  with  either 
substance  below  from  0"5  to  1  per  cent. 

Before  comparing  benzene  and  fluorbenzene    at  "corresponding" 
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pressuiTS  and  "corresponding"  absolute  temperatures,  I  liad  made  a 
comparison   of  the  molecular  volumes    of  all    five    liquids    at   their 

Table  VII. 

Absolute  critical  temperature  of  benzene 5G1  '5    1^  j,_ , .     ,  •on'^"' 

,,  ,,  fluorbenzene. .      559  "55  J 


I 


Absolute  temperatures. 

Yapour-pressures. 

Mole 

jular  volumes. 

Ratios. 

Fluor- 
benzene. 

Benzene. 

Pluor- 
benzene. 

Benzene. 

Fluor- 
benzene. 

Benzene. 

Ratios. 

272 -25 

273-2 

20 

26-73 

1-340 

91-47 

8G-50 

0-9457 

320  25 

321  -35 

200 

252-9 

1-2G5 

96-80 

91  -73 

0  -9476 

367-3 

3G8-G 

1000 

1190  -0 

1-190 

102 -90 

97  -62 

0-94S7 

423  -8 

425-3 

4000 

4550  -0 

1-137 

112 -04 

lOG-90 

0-9491 

473-6 

475  -25 

10000 

11080-0 

1-108 

125 -04 

118-54 

0  -9480 

519-7 

521-5 

20000 

21750  -0 

1-088 

145-08 

137  -80 

0  -9498 

550-0 

551-9 

30000 

32320  -0 

1-077 

179-40  !  169-95 

0  -9473 

559  *55 

5G1-3 

33912 

3G395-0 

1-073 

233*       1  219* 

0  ■910 

Table  YIII. 

Critical  pressure  of  benzene 3G3951  x>  i-^   i  -n-^oo 

,,       ,  -,  „o  r  i^atio,  1  0,32. 

„  ,,  iluorbenzene. .    33192  J 


Pressures. 

Boiling 
(Centig 

points 
rade). 

Molecular  rolumes. 

Ratios. 

Fluor- 
benzene. 

Benzene. 

Fluor- 
benzene. 

Benzene. 

Fluor- 
benzene. 

Benzene. 

20 

21  -46 

-  0-75 

-  3-75 

91-47 

86 

10 

0 -9413 

50 

53 

GG 

-1- 16  -30 

+  13-25 

93-30 

87 

•87 

0 -9418 

100 

107 

30 

30-90 

27-90 

94-92 

89 

41 

0-9420 

200 

214 

GO 

47  -25 

44-15 

96-80 

91 

23 

0 -9425 

400 

429 

30 

05  '75 

63  -30 

99  -05 

93 

51 

0-9441 

7-60 

815 

60 

85-10 

82-65 

101  -59 

95 

91 

0  -9441 

1000 

1073 

00 

94-30 

91-95 

102 -90 

97 

12 

0  -9438 

2000 

214G 

00 

120  -25 

118  -30 

107  -00 

100 

96 

0  -9438 

4000 

4293 

00 

150-80 

149  -50 

112-64 

106 

35 

0  -9442 

7000 

7513 

00 

179  -80 

179-15 

119-14 

112 

•48 

0  -9441 

10000 

10732 

00 

200  -GO 

200  -30 

125  -04 

117 

95 

0-9433 

12000 

12879 

00 

211-95 

212-00 

128-80 

121 

oo 

0  -9437 

15000 

16098 

00 

226  -70 

227  -05 

134  -64 

127 

12 

0-9441 

20000 

214G4 

00 

240  -70 

247-50 

145 -08 

137 

■20 

0-9457 

25000 

26S31 

00 

263  -00 

264-10 

158  -40 

149 

80 

0  -9457 

30000 

32197 

00 

277  -00 

278  -60 

179-40 

169 

50 

0-9448 

33912 

3G395  -00 

286  -55 

288  -50 

233* 

219* 

0-9400 

*  Direct  observations  of  critical  volumes. 
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boiling  points  undci'  equal  pressures,  and  it  is  a  remarkable  fact  tliat 
under  these  conditions  the  molecular  volumes  of  the  halogen-deriva-. 
tives  of  benzene  bear  a  constant  ratio  to  each  other,  but  not  to  those 
of  benzene. 

In  the  following  table  are  given  the  molecular  volumes  of  the  four 
liquids  at  their  boiling  points  under  definite  pressures,  and  also  the 
molecular  volumes  recalculated  in  the  same  manner  as  the  absolute 
temperatures  in  Table  V  on  the  assumption  that  the  ratios  arc  really 
constant.  The  recalculated  volumes  of  fluorbenzenc  are  the  means 
of  those  calculated  from  tlie  other  halogen -derivatives  and  the  volumes 
read  from  the  cui've.  The  volumes  of  the  other  halogen-derivatives 
are  recalculated  from  these  mean  volumes  of  fluorbenzenc. 


Tabl 

E    IX.— 

Fluorben: 

'ene. 

Molecular  volume. 

Pressure. 

Molecular  volume. 

Pressure. 

From 
curve. 

Kccalcii- 

lated. 

Diff. 

From 
curve. 

Eecalcu- 
laled. 

Diif. 

5 

89-33 

1000 

102-00 

102  -95 

+  U-U5 

10 

— . 

90-34 

— 

20U0 

107  -00 

106  -99 

-0-01 

20 

91-47 

91-48 

+  0-01 

3000 

110-03 

110-05 

+  0-02 

50 

93-30 

93-25 

-0-05 

4000 

112-64 

112-61 

-0-03 

100 

94-92 

94-84 

-0-08 

7000 

119-14 

119-22 

+  0-0S 

200 

96-80 

96  -74 

-0-06 

10000 

125  -Oi 

125  -07 

+  0-03 

400 

99-05 

99  03 

-0-02 

12000 

128  -SO 

12S-S5 

+  0-05 

760 

101  -59 

101-64 

+  0-05 

— 

— 

— 

Chlorobenzene. 


5 

100  -45 

100  -44 

-0-01 

1000 

115-75 

115-76 

+  0-01 

10 

101  -CO 

101  -58 

-0-02 

2000 

120  -24 

120  -30 

+  0-04 

20 

102  -89 

102 -86 

-0-03 

3000 

123  -69 

123-74 

+  0-0G 

50 

104-88 

104  -85 

-0-03 

4000 

126 -05 

126  -62 

-0-03 

100 

106-03 

100 -04 

+  0-01 

7000 

134  -08 

134-05 

-0-03 

200 

108  -75 

108  -78 

+  0-03 

10000 

140  -08 

140  -60 

-0-08 

400 

111-32 

111-35 

+  0-03 

12000 

144  -94 

144-93 

-0-01 

760 

114  -26 

114-28 

+  0-02 

— 

— 

' — 

Broniobenzene. 


5 

105-47 

105 -41 

-0-06 

760 

119-94 

119  -93 

-0-01 

10 

100  -05 

106  -60 

-0-05 

1000 

121  -47 

121  -48 

+  0-01 

20 

107  -99 

107  -95 

-0-04 

2000 

126  -24 

126-25 

+  0-01 

50 

110 -04 

110  -03 

-0-01 

3000 

129-86 

129  -80 

0-00 

100 

111  89 

111-91 

+  0-02 

4000 

132  -90 

132  -88 

-0-02 

200 

114-10 

114-15 

+  0-05 

7000 

140 -75 

140-68 

-0-07 

400 

110-81 

116-86 

+  0-05 

— 

— 

— 

— 
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lodobenzene. 


Molecular  rolume. 

Pressure. 

Molecular  volume. 

Pressure. 

From 
curve. 

Eecalcu- 
lated. 

Diff. 

From 
curve. 

Recalcu- 
lated. 

Diff. 

5 

10 

20 

50 

100 

200 

114  -04 
115-32 
116-79 
119-03 
121 -09 
123  -52 

114 -09 

115  -38 

116  -84 
119-10 
121-13 
123  -56 

+  0  05 
+  0-06 
+  0  05 
+  0-07 
+  0  -04 
+  0-04 

400 
760 
1000 
2000 
3000 
4000 

126  -48 
129  -86 
131-56 
136-72 
140  -63 
143 -73 

126 -48 
129  -81 
131 -49 
136-65 
140-56 
143 -83 

0-00 
-0-05 
-0-07 
-0-07 
-0-07 
-0-10 

The  ratios  calculated  from  the  molecnlar  volumes  read  from  the 
curves  are  given  in  Table  X,  those  of  benzene  to  fluoi-benzene  being- 
included.  It  will  be  seen  that  these,  after  rising  very  slowly  from 
50  to  400  mm»  pressure,  fall  slowly  at  first,  then  more  and  more 
rapidly  with  rise  of  pressure,  while  the  ratios  between  the  molecular 
volumes  of  the  halogen-derivatives  remain  almost  constant  at  all 
jDressures. 


Table  X. 


Ratios  of 

read  molecular  ■v 

•olumes  at  equal 

pressures. 

Pressure. 

CeHe 

CgHiCl 

CfiHoBr 

CfiH^I 

CfiHsF- 

CgHsF- 

CeH^F- 

CsUsF- 

20 

1-1218 

1-1806 

1 -2768 

50 

0-9401 

1-1241 

1-1794 

1-2758 

100 

0  -9403 

1-1233 

1-1788 

1  -2757 

200 

0  -9405 

1-1234 

1  -1787 

1  -2760 

400 

0-9410 

1-1239 

1-1793 

1  -2771 

-    7G0 

0  -9410 

1-1248 

1  -1808 

1-2783 

1000 

0-9407 

1  -1249 

1  -1805 

1-2785 

2000 

0-9395 

1  -1241 

1-1802 

1  -2781 

3000 

0-9393 

1-1241 

1  -1802 

1  -2781 

4000 

0  -9387 

1  -1214 

1  -1799 

1  -2760 

7000 

0  -9364 

1-1254 

1  -1814 

10000 

0-9339 

1-1250 

— 



12000 

0-9321 

1-1253 

— 

— 

15000 

0  -9297 

— 

— 

— 

20000 

0-9251 

— 

— 

— 

25000 

0-9163 

— 

— 

— 

30000 

0  -8919 

— 

— 
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The  recalculation  of  the  luoleculur  volumes  of  the  four  halogen- 
derivatives  is  based  on  the  assumption  that  the  following  relations 
hold  good  :  — 

Ratios  of  luoleoular  volumes  at  boiling 

Substances  compared.  points  under  equal  pressures. 

CcHsCl/CcH.F  R  =  1-1244. 

CoH^Br/CcHsF  1-1800 

CeHJ/CoH^F  1-2772 

CcH^Br/CoHaCl  lO-lO-l 

CgHJ/CgHsCI  1-1359 

CoHsI/CeH^Br  1-082-4 

It  -would,  no  doubt,  be  unjustifiable  to  assert  that  these  relations 
are  absolutely  true,  but  that  they  represent  the  facts  with  very  con- 
siderable accui'acy  is,  I  think,  shown  by  the  fact  that  in  Table  IX  the 
greatest  difference  between  the  read  and  recalculated  molecular 
volumes  amounts  to  only  O'OS-l  per  cent. 

If  Van  der  Waals'  laws  were  all  true  for  these  closely  related  com- 
pounds, it  would  follow  that  the  critical  pressures  of  the  four  halogen- 
derivatives  of  benzene  must  be  equal  or  nearly  so,  that  the  ratios  of 
the  absolute  critical  temperatures  must  be  the  same  as  the  ratios  of 
the  absolute  temperatures  at  any  other  equal  pressures,  and  that  the 
ratios  of  the  molecular  volumes  at  the  critical  points  must  be  the 
same  as  those  at  any  other  equal  pressures. 

These  calculated  values  would  be  : — 


Critical 

pressure. 

33912 

Ci-itica 

temperature. 

Critical 
volume 

Substance. 
Chlorobenzene. . 

1 
Absolute. 

633° 

Centigrade. 
360^ 

(molecular) 

262 

Bromobenzene. . 

5> 

670 

397 

275 

lodobenzene. . . . 

5J 

721 

448 

298 

It  is  quite  impracticable  to  determine  the  critical  constants  of 
bromobenzene  and  iodobenzene  by  the  method  employed  in  this 
research,  but  I  have  succeeded  in  obtaining  determinations  of  the 
critical  constants  of  chlorobenzene  by  heating  the  tube  Avith  the 
vapour  of  mercury  boiling  under  slightly  increased  pressure.  It 
will  be  seen  from  the  data  below  that  as  far  as  chlorobenzene  at  any 
rate  is  concerned  the  supposition  stated  above  is  correct,  and  it  is 
therefore  very  probably  true  for  bromobenzene  and  iodobenzene  also. 
Confirmatory  evidence  is  also  afforded  by  Thorpe  and  Riicker's  rela- 
tions between  the  critical  temperatures  and  the  dilatations  from  0'^ 
to  the  boiling  points. 


518 


YOUNG:   Y.VPOUR-PRESSURES,   ETC.,    OF 


Experimental  Data  for  Clilorohenzene  at  very  Hijh  Temperattires. 


Molecular  volumes  and  temperatures 

Temperature. 

Pressure. 

Molecular 

calculated  from  tliose  of  fluorben- 

Centigrade. 

volume. 

zene  at  the  same  pressures  bj  means 

of  the  constants  given. 

330-0° 

23935 

175  0 

174-7                    329-6= 

350-0 

30103 

202-9 

202  -3                     349  -15 

,,.  r359-95 
^^^1 360-2 

— 

253-1 

—                            — 

33824 

255-0-1       . 
262-0  J  ^*^ 

—  r359-4 

—  1359-8 

(2)     360-55 

33926 

(3)     360-8 

33998 

275  -0  (5) 

—                       359 -95 

(1)  3reni:!^cus  flat.  (2)  I\Ieniscus  unsteady  and  indistinct.  (3)  Probable  critical 
point;  meniscus  just  visible,  but  very  unsteady,  and  it  frequently  disappeared. 
(4)  Approximately.     (5)  Koughly. 


361-1''.  Dense  fog  and  striae,  just  possible  to  detect  meniscus 
occasionallj.  The  frequent  disappearance  of  the  meniscus  at  360-8° 
and  its  occasional  appearance  at  361-1''  are  probably  due  to  slight 
fluctuations  of  temperature. 

361-3°.  Faint  mist,  becoming  denser  in  one  part  of  the  tube  on  in- 
creasing the  volume  considerably. 

The  reading  of  volame  near  the  critical  point  -was  extremely 
difficult  owing  to  condensation  of  globules  of  mercury  on  the  tube  and 
jacket,  and  to  the  fluctuations  of  temperature  which  caused  the 
meniscus,  when  visible,  to  change  its  position  constantly.  !N^o  such 
difficulties  were  experienced  with  benzene  or  fluorbenzene. 

The  agreement  of  the  critical  temperature  and  pi^ssure  with  those 
suggested  as  probable  from  the  comparison  with  fluorbenzene  is  very 
satisfactory ;  as  regards  the  volume,  which  is  undoubtedly  far  less 
accui-ately  determined,  it  will  be  noticed  that  at  360-55°,  at  which 
tomperature  the  pressure  is  almost  identical  with  the  critical  pressure 
of  fluorbenzene,  the  molecular  volume  262  is  the  same  as  that  calcu- 
lated from  the  critical  volume  of  fluorbenzene.  Considering  the 
uncertainty  of  the  reading  at  380-8°,  I  think  it  is  not  too  much  to  say 
that  the  observed  critical  volume  shows  a  rough  agreement  with  that 
calculated. 

The  following  values  may  be  taken  as  the  critical  constants  of 
chlorobenzene : — 

Temperature 360-55°  to  360-8°. 

Pressure 33926  to  33998  mm. 

Molecular  volume  ......      262  to  275  c.c. 
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Thorpe  and  Hilc'ker's  Relations. 
From  theoretical   considerations,   Professors    Thorjio  and    Riicker 
dcilucc  the  equation  a  =       ^        ^  '^,  whore  T  and  Ti  arc  the  boilino- 

point  and  the  critical  tempei-ature  of  a  substance  on  the  absolute 
scale,  and  Y/  is  its  vohime  at  the  boiling-  point,  tlic  volume  at  0^ 
being  taken  as  unity.  The  value  of  a  is  found  to  vary  within  com- 
paratively narrow  limits  for  a  considerable  number  of  substances,  and 
from  seven  compounds  investigated  by  Sajotschewsky  the  mean  value 
1-995  is  obtained.  Taking  this  mean  value  as  correct,  Thoi-pe  and 
Riicker  calculate  the  expansion  of  benzene  between  0°  and  80°  by 

means  of   the    equation   V^  =  Vo .  — \  ~  '^  '  ,  giving    Ti    the   value 

fti  1  —  i 

observed   by  Sajotschewsky,  553-8.     If,  however,  the  critical  point 

given  in  this  paper  be  taken,  the  agreement  with  the  observed  results 

from  0°  to  G0°  becomes  much  closer,  and  if,  further,  the  value  of  a  be 

taken  as  1-9855  the  agreement  with  my  results  up  to  80^  becomes  very 

satisfactoi-y,  as  will  be  seen  from  the  following  table : — 

T^.i'pansion  of  Benzene. 


Tempera- 
ture. 

a    =  1  -995. 
Ti  =  553  -S. 

rt    =  1  -995. 
Ti  =  5GI  -5. 

a  =  1-9S55. 
Ti  =  5G1 '5. 

Young. 

Kopp. 

0' 

1 -0000 

1 -0000 

1  -0000 

1  -0000 

1  -0000 

20 

1-0246 

1  -0212 

1  -0243 

1  -0241 

1 -0241 

40 

1  -0505 

1  -0196 

1  -0499 

i  -0496 

1-049G 

60 

1  -0778 

1-07G2 

1  -0767 

1  -0770 

1 -0769 

80 

1  -1064 

1  -1043 

1-1050 

1  -1050 

1-1064 

It  is  noticeable  that  Sajotschewsky  always  finds  lower  critical  tem- 
peratures than  other  observers. 

Having  determined  the  expansions  and  critical  temperatures  of 
fluorbenzene  and  chlorobenzene,  I  was  able  to  calculate  the  values  of  a 
for  these  two  bodies.     The  values  obtained  are  given  below. 


Fluorbenzene 

Chlorobenzene 

Tempcratui'e. 

80° 

1 

a. 

2-030 

r 
Temperature. 

12U° 

a. 

2-050 

90 

2-021 

130 

2-036 

— 

— 

150 

2-020 

At  the   boiling  points  under  noi'mal  pi^essures,  the  values  of  a  for 
the  two  substances  Avould  not  diSer  greatly  from  2-03,  and  if  we  may 
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nssume  that  the  values  of  a  for  the  two  other  halogen-derivatives  of 
benzene  are  approximately  the  same,  it  becomes  possible  to  calculate 
the  critical  temperatures  of  bromoljenzene  and  iodobenzene  bj  an 
entirely  different  method  from  that  previously  adopted. 

In  the  eqnation  Ti  =  ^ttvdTvt T^  ^  have  taken  for  bromobenzeue 

the  volumes  at  the  two  temperatures  150°  and  1(30°,  and  for  iodo- 
benzene those  at  180°  and  190°.     The  mean  results  are — 

Bromobenzeue,  critical  temperature. .  . .    675 "5 
Iodobenzene  ,,  ,,         ....    721*0 

The  absolute  temperatures  obtained  by  the  previous  method  are 
670°  and  721°. 

This  close  agreement  of  the  critical  temperatures,  as  calculated  by 
the  two  methods,  makes  it  extremely  probable  that  the  critical 
pressures  of  the  four  halogen- derivatives  of  benzene  are  identical  or 
very  neaidy  so. 

The  results  obtained  may  be  summarised  as  follows  : — 

1.  When  the  four  halogen-derivatives  of  benzene  are  compared 
together  at  such  temperatures  that  their  vapour-pressures  are  equal, 
these  temperatures,  expressed  on  the  absolute  scale,  and  also  the  cor- 
responding specific  volumes,  bear  a  constant  ratio  to  each  other. 

2.  The  critical  pressures  of  fluorbenzene  and  chlorobenzene,  and 
in  all  probability  those  of  bromobenzeue  and  iodobenzene,  are  equal, 
hence  the  critical  temperatures  and  volumes  may  be  calculated  from 
the  observed  temperatures  and  volumes  at  any  other  equal  pressures. 

3.  When  benzene  is  compared  with  fluorbenzene  at  such  tempera- 
tures that  their  vapour-pressures  are  equal,  neither  these  (absolute) 
temperatures  nor  tbe  corresponding  specific  or  molecular  volumes  bear 
a  constant  ratio  to  each  other. 

4.  The  ratios  of  the  absolute  temperatures  of  benzene  and  fluor- 
benzene corresponding  to  equal  pressures  are  very  exactly  expressed 
by  the  equation  R'  =  R  -f  ct,  where  R'  is  the  ratio  at  a  pressure  for 
which  the  corresponding  centigrade  temperature  of  fluorbenzene  is  t ; 
R  =  0-9838,  and  c  =  0-0000313. 

5.  If  the  specific  volumes  of  benzene  and  fluorbenzene  ai'e  compared 
at  temperatures  corresponding  to  pressures  which  are  in  all  cases 
proportional  to  the  critical  pressures  of  the  two  liquids,  the  ratios  of 
tbe  volumes  ai*e  very  nearly  constant.  If,  again,  the  specific  volumes 
are  compared  at  absolute  temperatures  which  are  alwaj's  proportional 
to  the  absolute  critical  temperatures,  the  ratios  of  the  volumes  are 
again  nearly  constant.  But  the  two  methods  of  comparison  are  not 
— as  stated  by  Van  der  Waals — equivalent,  and  they  cannot  both  be 
correct,  for  it  cannot  ba  taken  as  even  approximately  true  that  the 
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absolute  temperatures '  corresponding  to  pressures  Avhich  are  always 
proportional  to  the  critical  pressures  are  themselves  proportional  to 
the  absolute  critical  temperatures.  Moreover,  the  values  obtained  by 
the  two  methods  of  comparison  are  not  quite  the  same,  and  for  two 
liquids  which  are  chemically  dissimilar  the  values  may  differ  con- 
siderably. 

It  is  impossible  at  present  to  say  with  certainty  which  method  of 
comparison  gives  the  better  results,  but  I  am  inclined  to  think  that 
the  comparison  at  proportional  or  "  corresponding  "  pressures  is  more 
likely  to  be  correct. 

6.  The  relations  of  Van  der  Waals,  as  regards  "  corresponding  " 
temperatures,  pressures,  and  specific  volumes  of  liquid  hold  good 
accurately  in  the  case  of  the  halogen- derivatives  of  benzene,  but  since 
the  critical  pressures  are  equal,  the  comparisons  must  always  be  made 
at  equal  pressures. 

7.  Fluorine,  chlorine,  bromine,  and  iodine  belong  to  the  same  group 
in  the  periodic  table ;  the  effect  of  substituting  one  of  these  elements 
for  another  in  the  compounds  of  the  type  CeHsR,  as  regards  the 
relations  between  vapour-pressure,  temperature,  and  specific  volume,  is 
extremely  simple,  but  if  hydrogen  be  substituted  for  one  of  the 
halogens  the  changes  produced  are  much  greater. 


XLTX.— T/ie  Molecular  Weights  of  the  Metals. 

By  Professor  W.  Ramsay,  Ph.D.,  F.R.S. 

The  means  at  the  disposal  of  chemists  for  determining  the  molecular 
weights  of  elements  or  compounds  have,  until  recently,  been  limited 
to  the  determination  of  their  vapour-densities.  Starting  with 
Avogadro's  assumption,  which  by  the  investigation  of  the  kinetic 
theory  of  gases  has  now  been  given  the  precision  of  a  law,  the  relative 
weights  of  gases  under  similar  conditions  of  temperature  and  pressure 
are  proportional  to  the  relative  weights  of  their  molecules.  The 
standard  of  reference  is  hydrogen,  which  on  chemical  grounds  is 
supposed  to  exist  in  the  free  state  as  a  diatomic  molecule,  and  this 
assumption  has  been  rendered  almost  certain  by  Kundt  and  Warburg's 
determination  of  the  ratio  of  the  specific  heat  of  mercury  gas  at 
constant  volume  to  that  at  constant  pressure,  whereby  it  is  shown 
that  all  the  energy  imparted  in  the  form  of  heat  to  gaseous  mercury 
can  be  accounted  for  by  supposing  it  to  impart  increased  translational 
velocity  to  the  molecule ;  no  energy  appears  to  be  absorbed,  produc- 
VOL.  LV.  2   0 
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ing"  internal  oscillation  of  parts  of  a  molecule.  Hence  the  conclusion 
that  the  atom  of  mercury  constitutes  the  molecule.  Naumann,  more- 
over, has  pointed  out  that  that  energy  which  disappears  in  producing 
internal  work  when  presumably  diatomic  gases,  such  as  oxygen, 
hydrogen,  nitrogen,  carbon  monoxide,  &c.,  are  heated,  and  which 
doubtless  causes  oscillation  or  rotation  of  the  atoms  within  the 
molecule,  in  all  probability  bears  a  constant  proportion  to  the  trans- 
lational  energy  of  the  gaseous  molecules.  Such  gases  as  NO,  CO, 
HCl,  &c.,  are  not  easily  conceived  other  than  diatomic  ;  hence  oxygen, 
nitrogen,  and  hydrogen  may,  from  their  similarity  of  behaviour  as 
regards  heat  with  these  unmistakably  diatomic  gases,  be  also 
regarded  as  diatomic. 

The  method  of  replacement  by  stages,  although  it  has  rendered 
excellent  service  in  determining  the  molecular  weights  of  compounds 
and,  indirectly,  the  atomic  weights  of  elements,  is  from  its  very  nature 
not  adapted  to  the  determination  of  the  molecular  weights  of  elements. 
A  knowledge  of  the  molecular  weight  of  potassium  chloride,  for 
example,  throws  no  light  on  the  molecular  weight  of  the  element 
potassium,  although  it  may  serve  as  an  assistance  in  deducing  the 
atomic  weight  of  potassium  from  its  equivalent. 

On  the  supposition,  then,  that  the  molecular  weight  of  hydrogen  is 
expressible  by  the  formula  H2,  the  vapour-density  method  has  fixed 
the  molecular  weio-hts  of  the  followins:  elements  in  the  state  of  "'as  : — 


Molecular 

Name. 

formula. 

Investigators. 

Jlonafomic 

f  Mercury  . . 

Hg 

Dumas ;  Y.  Mever. 

,,          

1  Cadmium  . 

Cd 

Deville  and  Troost. 

■=1  Zinc   

j  Sodium    . . 

Zn 

Mensching  and  V.  Meyer. 
Scott. 

Na 

(^Potassium 

K 

Scott. 

Diatomic,  changing 
to    monatomic    at 
high  temperatures 

riodiae  .... 
1  Bromine . . 

I2  and  I 

Br.,  and  Br  ?  . . 

Dumas  ;    Deville  and  Troost ; 
V.  Meyer ;  Crafts  and  Meier. 
Jahn  ;  V.  Meyer  and  Zublin. 

Chlorine . . 

CL,  andCl?.  .. 

Ludwig  ;  V.  Meyer ;  Crafts. 

2)  i'afo»i/f, not  altered 

r  Hydrogen . 

H., 

Kegnault ;  Y.  Meyer. 

by  rise  of  tempera- 

<  Oxygen  .  . . 

O2 

Eegnault ;  Jolly ;   Y .  Meyer. 

[  Nitrogen . . 

Ozone 

[■Phosphorus 

N, 

0^ 

Andrews  and  Tait. 

P4P.(?) 

Dumas  ;  Deville   and  Troost ; 
V.  Meyer. 

Tetratomic 

■  Arsenic. . . . 

A84-A8,(?)     ... 

Mitscherhch ;       Deville     and 

Troost ;  V.  Meyer. 

L  Antimony  . 

Sb,(?)Sb,(?)  . . 

Y.  Meyer. 

He  xatomic, changing,            ^ 

to  diatomic  at  high  s  r.  1     • 

,              .             °         Selenium.. 

S6(?),So 

Se6(?)Se.-, 

Dumas ;  Bineau ;    Deville  and 

Troost ;  Y.  Meyer ;  Biltz. 
Deville  and  Troost. 

temperatures....    [_Tellurium. 

Te6(?)Teo 

Deville  and  Troost. 
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About  tlie  molecular  fonuulu)  of  mercuiy,  cadmium,  zinc,  sodium, 
and  potassium  there  can  be  no  doubt,  so  far  as  the  gaseous  density 
reveals  them ;  nor  are  those  of  hydrogen,  oxygen,  and  nitrogen 
uncertain.  But  the  remaining  elements  in  this  table,  which,  it  may  be 
remarked  in  passing,  are  all  commonly  called  non-metallic,  exhibit 
densities  varying  with  temperature,  and  from  what  we  know  regard- 
ing similar  behaviour  of  compounds,  and  especially  of  those  which 
dissociate  into  like  molecules,  it  may  be  concluded  that  they  exist  in 
different  molecular  aggregates,  according  to  their  pressure  and  their 
temperature.  It  is,  to  say  the  least  of  it,  remarkable  that  the  majority 
of  elements,  about  the  molecular  complexity  of  which  anything  is 
known,  should  exhibit  such  a  marked  contrast  to  the  majority  of 
compounds,  whei-e  dissociation  is  the  exception  and  not  the  rule. 

The  theory  of  the  analogy  between  the  condition  of  matter  in  dilute 
solutions  and  in  gases  under  moderate  pressure  and  moderately  high 
temperatui"e,  so  beautifully  developed  by  Van't  Hoff  (Phil.  Mag., 
Aug.,  1888),  and  the  clear  and  incontrovertible  deduction  of  tlie 
necessary  sequence  of  Raoult's  law  of  the  connection  between  the 
molecular  weight  of  a  dissolved  substance  and  the  depression  of  the 
vapour-pressure  of  the  solvent,  or  the  lowering  of  its  melting  point, 
have  placed  in  the  hands  of  chemists  a  new  means  of  investigating  the 
molecular  weights  of  substances  inconvenient  or  impossible  to  gasify. 
This  method  has  been  applied  to  the  determination  of  the  molecular 
weights  of  the  following  elements  : — - 

Method  of  Depressing  the  Vapour-pressure  of  the  Solvents.* 

Iodine  dissolved  in  solvents  with  brown  colour  ....      I4. 
Iodine  dissolved  in  solvents  with  violet  colour I3  to  I^. 

Method  of  Depressing  the  Melting  Point  of  tlie  Solvent.f 

Bromine  in  water  and  in  acetic  acid Brj. 

Iodine  in  benzene  (very  dilute) L. 

,,  (more  concentrated) L  to  I4. 

Sulphur  in  benzene Se. 

Phosphorus  in  benzene P2  to  P4. 

It  would  thus  appear  that  iodine,  like  phosphorus  and  arsenic,  but 
at  far  lower  temperatures,  tends  to  form  a  molecule  of  the  complexity 
I4  whilst  the  complexity  of  the  sulphur  molecule  at  low  temperatures 
is  confirmed  (see  Biltz,  Zeit.  physikal.  Chem.,  2,  920 ;  also  Ramsay, 
ibid.,  3,  67). 

*  Loeb,  Zeit.  physikal.  Chem.,  2,  606. 
t  Paterno  and  Nasini,  £er.,  21,  2153. 

2  0  2 
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It  is  unlikely  that  the  method  of  vapotir-derisities  will  render  any 
fnrther  service  in  determining  the  molecular  weights  of  other  elements. 
Their  temperatures  of  volatilisation  are  so  high  that  Dumas'  method, 
the  only  one  adapted  to  settle  the  point  decisively,  cannot  be  em- 
ployed. 

It  occurred  to  me  that  by  using  mercury  as  solvent,  many  of  the 
metals  might  be  investigated.  But  as  Raoult's  method  presupposes 
a  knowledge  of  the  molecular  weight  of  the  solvent,  the  question 
arises,  what  is  the  molecular  weight  of  liquid  mercury  ?  I  think  it 
very  unlikely,  in  view  of  the  investigations  of  Dr.  S.  Young  and 
myself,  that  in  condensing  from  gas  to  liquid  the  molecular  weight  of 
mercury  is  altered.  Our  experiments  with  stable  liquids,  such  as  the 
alcohols  and  ether,  have  shown  that  their  molecular  formulfe  are  not 
increased,  even  at  low  temperatures,  when  the  vapours  are  in  contact 
with  their  respective  liquids.  And  further  proof,  which  cannot  be 
o-ainsaid,  of  the  non-association  of  mercury-atoms  is  furnished  by  the 
research  of  Kundt  and  "Warburg,  previously  alluded  to  (Pogg.  Ann., 
127,  497  ;  also  135,  337  and  527).  It  will  be  remembered  that  they 
showed  that  the  total  energy  communicated  to  mercury  vapour  as 
heat,  even  when  the  vapour  7vas  in  contact  with  Kqiiid  mercury,  was 
employed  in  effecting  translational  motion  of  the  molecule,  whence  it 
may  be  concluded  that  even  the  saturated  vapour  of  mercury  consists 
of  single  atoms.  Hence  it  appears  just  to  consider  the  molecular 
weight  of  liquid  mercury  as  equal  to  its  atomic  weight,  200. 

The  simple  formula  connecting  the  molecular  weight  of  the  dis- 
solved substance  with  the  depression  of  vapour-pressure  which  the 
dissolved  substance  produces  in  the  solvent  is — 

lOU  X  ci       ' 

where  MW  is  the  molecular  weight  to  be  found ;  M'W  the  molecular 
weight  of  the  solvent;  P/100  the  percentage  weight  of  dissolved 
substance  in  the  solution  ;  p,  the  vapour- pressure  of  the  solvent ;  and 
(Z,  the  depression  in  the  vapour-pressure  of  the  solvent  produced  by 
adding  the  substance  dissolved. 

This  expression  becomes  for  mercury  as  solvent — 

MW  =  200_x_P_x_p  _  2P^ 
100  X  (Z      ~     d    ' 

Apparatus  Employed. — The  first  form  of  apparatus  used  was  a 
(J  -tube,  one  limb  of  which  was  about  160  mm.  long,  and  sealed ; 
about  30  mm.  from  the  sealed  end  a  trap  was  provided.  The  other 
limb  was  about  400  mm.  in  length,  and  was  connected  at  its  upper 
end  by  sealing  vdth  a  gauge   standing  in  the  same  trough  with  a 
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barometer-tubo  of  similar  bore.  This  JJ-tubowas  jacketed  with  pure 
bromonaphthalene,  which,  by  means  of  the  arrangement  described  on 
another  occasion  (Phil.  Trans.,  1887,  A,  p.  59),  could  be  made  to  bol 
under  various  pressures  alterable  at  will ;  hence  it  was  possible,  from 
data  given  in  the  Trans.,  1885,  640,  to  heat  the  U-tube  to  such 
temperatures  as  260°  or  270°,  with  the  certainty  that  the  error  in 
temperature  was  a  small  one. 

Previous  to  the  expei'iment,  the  (J -tube  was  iilled  with  the  required 
amalgam,  and  all  air  was  expelled  by  boiling  it  past  the  trap.  The 
(J -tube  was  then  placed  in  position,  and  a  little  more  mercury  was 
added.  Both  limbs  of  the  (J -tube  were  graduated  in  millimetres,  so 
that,  when  the  mercury  fell  in  the  shorter  limb  and  rose  in  the  longer 
one,  the  difference  of  pressure  in  the  two  limbs  could  be  read.  But  a.s 
the  open  end  of  the  \J  -tube  was  connected  with  a  gauge,  it  was  possible 
to  vary  the  position  of  the  mercury  in  both  limbs,  and  so  to  obtain  a 
set  of  I'eadings  at  the  same  temperature. 

To  control  the  accuracy  of  the  process,  determinations  were  made 
of  the  vapour-pressures  of  mercury  alone  at  260°  and  270°.  In  the 
following  table  all  the  data  are  given,  so  as  to  afford  an  idea  of  the 
method  and  its  trustworthiness  : — 


Temperature    260°.      Pressure   under   lohich   Bromonaphthalene    hoiled 
488"95  7nm.  at  19"5°,  the  Atmospheric  Temperature. 


Open. 

Close. 

Gauge. 

Barometer. 

Ai. 

An. 

A'l- 

A'o. 

A3. 

mm. 

mm. 

mm. 

mm. 

mm. 

61  0 

25-4 

276-8 

145  -5 

35-6 

131-3 

34-0 

130-8 

96-8 

61-0 

25-5 

27G-7 

145-5 

35-5 

131-2 

33-9 

130-7 

96-8 

55-4 

31  0 

266-3 

145  -65 

24-4 

120  -65 

23-3 

120-2 

96-9 

49-2 

37-0 

254-95 

145-9 

12-2 

109  -05 

11-65 

108-65 

97-0 

49-1 

36-95 

254-9 

145  -95 

12-15 

108 -95 

11-60    108-55 

96-95 

44-4 

41-7 

245 -95 

146-0 

2-7 

99-95 

2-6       99-55 

96-95 

44-4 

41-6 

245-9 

146-0 

2-8 

99-9 

2  -7        99  -50 

96-80 

Mean  . . 

96-87 

In  this  table,  the  first  two  columns  refer  to  the  JJ"ti^^*^»  '^^^  open 
end  being  the  one  connected  with  the  gauge.  Ai  and  A2  are  respec- 
tively the  differences  between  the  readings  in  the  (J -tube  and  those 
of  the  gauge  and  barometer.  A'l  is  Ai  corrected  from  260°  to  0° ; 
A'2,  Ao  corrected  from  19 '5^  to  0° ;  A3  is  the  difference  between  the 
two,  and  gives  the  observed  vapour-pressure  of  mercury. 

At  270°,  the  following  results  were  obtained : — 
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Pressure  iinder  tvMch  Bromonaphthalene  boiled,  corrected  to  AtmosjpTieric 
Tevvperat^ire,  21°,  771  mi?z.. 


Open. 

Close. 

Gauge. 

Barometer. 

Ai. 

Ao. 

A'l- 

A'o. 

A3. 

mm. 

mm. 

mm. 

mm. 

mm. 

78-8 

7-95 

337-3 

145-0 

70 

85 

192-3 

67-4 

191-6 

124-2 

78-8 

7-95 

337-2 

145-0 

70 

85 

192-2 

67-4 

191-5 

124-1 

68-6 

17-8 

318-9 

145 -15 

50 

8 

173-75 

48-3 

173-15 

124  -85 

68-4 

18-0 

318-7 

145-1 

50 

4 

173-6 

47-9 

172  -95 

125 -05 

59-4 

26-95 

301-3 

145  3 

32 

45 

156-0 

30  85 

155  -45 

124-6 

59-35 

27  0 

301  -25 

145  -25 

32 

35 

156-0 

30-75 

155-45 

124-7 

51-4 

34-8 

286 '5 

145-4 

16 

6 

141  1 

15-8 

140-6 

124-8 

47-65 

38-0 

279-9 

145-5 

9 

65 

134-4 

9-15 

133-9 

124  -75 

47-75 

37-9 

279-85 

145 -45 

9 

85 

134-4 

9-35 

133-9 

124  55 

43-7 

41-9 

272-0 

145  -55 

1 

8 

126 -45 

1-70 

126-0 

124  -3 

43-8 

42-0 

272  -05 

145-6 

1-8 

126  -45 

1-70 

126-0 

124-3 

Mean  . . 

124-56 

We  have  here  two  determinations  of  the  vapour-pressure  of 
mercury,  viz.,  at  260°,  96-87  mm.,  and  at  270°,  124-56  mm.  These 
figures  assume  that  the  vapour- pressures  of  bromonaphthalene  have 
been  correctly  determined  at  these  temperatures.  The  vapour- 
pressures  of  bromonaphthalene  -vs^ere  determined  by  Dr.  Sydney 
Young  and  myself  by  the  method  described  by  us  in  Trans.,  1885, 
42.  But  -we  have  also  shown  (Trans.,  1886,  47),  that  the  vapour- 
pressures  of  mercury  follow  the  law  pointed  out  by  us  in  the  Philoso- 
phical Magazine  for  December,  1885,  and  January,  1886;  and  that  it 
is  possible  from  two  trustworthy  observations  of  the  vapour-pressures 
of  a  substance  at  any  two  temperatures  not  too  close  to  each  other,  to 
calculate  the  temperature  corresponding  to  any  vapour-pressure  below 
6000  mm.  By  means  of  these  relations  we  calculated  the  vapour- 
pressures  of  mercury  at  intervals  of  5°  from  135°  to  520°.  The 
calculated  vapour- pressure  of  mercury  at  260°  is  96-66  mm.  I  have 
now  found  96-87  mm.  The  difference,  0-21  mm.,  corresponds  to  an 
error  in  temperature  of  the  bromonaphthalene  of  0-27° ;  and  at  270°, 
the  calculated  vapour-pressure  of  mercury  is  123-90  mm.  ;  whereas 
the  vapour-pressure  found  is  124-56  mm.,  the  difference  is  0-66  mm., 
corresponding  to  a  difference  in  temperature  of  0-21°.  The  error  as 
thus  calculated  may  be  wholly  ascribable  to  the  determination  of  the 
vapour-pressures  of  bromonaphthalene,  in  which  case  those  given  by 
Dr.  Young  and  myself  are  at  such  temperatures  low  by  a  pressure 
equivalent  to  about  0-2°  ;  or  it  may  be  ascribed  to  error  in  the  deter- 
mination of  the  vapour-pressures  of  mercury.  I  am  disposed  to 
believe  the  former  supposition  ;  but  whichever  be  taken,  the  difference 
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is  a  minute  one  for  such  high  temperatures,  and  the  observations 
furnish  further  proof  of  the  accaracy  of  the  work  already  ]-eferred 
to. 

In  carryinj^  out  similar  experiments  on  amalgams  by  means  of 
this  apparatus,  two  difficulties  were  met  with  Avhich  led  to  its 
abandonment.  These  were,  first,  the  difficulty  of  introducing  the 
amalgams  of  easily  oxidisable  metals  without  considerable  oxida- 
tion ;  this  caused  a  difference  in  the  surface  tension  of  the  mercury  in 
the  closed  limb  and  the  open  limb  of  the  \J  -tube ;  and  although  it  is 
easy  to  introduce  such  a  correction  as  would  approximately  restore 
the  surfaces  of  the  mercury  to  the  position  which  they  would  occupy 
on  the  scale  provided  both  meniscuses  were  plane  surfaces,  yet  this 
correction  docs  not  show  the  true  position  of  the  mercury,  inasmuch 
as  a  greatly  curved  meniscus  means  that  the  mercury  is  considerably 
depressed  in  that  limb  of  the  tube  on  which  the  meniscus  is  so  curved. 
It  is  impossible  to  estimate  the  value  in  millimetres  of  this  depression  ; 
and  hence  no  allowance  is  possible.  This  unknown  error  may  bear 
a  considerable  proportion  to  the  whole  depression  observed,  which  is 
not  a  very  great  one.  The  second  difficulty  is,  that  tbe  solubility  of 
many  metals  in  mercuiy  at  260°  or  270°  is  very  slight.  Kow  as  the 
depression  of  the  vapour-pressure  of  mercury  by  a  dissolved  metal 
depends  on  the  total  amount  of  metal  dissolved,  and  is  inversely  pro- 
portional to  the  molecular  weight,  a  very  weak  solution  cannot  be 
employed,  else  the  probable  error  bears  too  large  a  proportion  to  the 
total  quantity  measured.  But  the  results  of  measurements  with 
cadmium  and  with  sodium  bear  out  the  conclusions  of  subsequent 
experiments,  hence  they  are  worth  quoting  here.  I  should  mention 
that  attempts  were  also  made  to  determine  the  behavioui^  of  zinc, 
magnesium,  barium,  and  silver-,  but  owing  to  the' oxidation  of  the 
first  three  of  these  metals  during  their  introduction,  the  glass  was 
wetted  by  the  metal,  and  it  was  almost  impossible  to  obtain  readings ; 
with  silver,  the  solubility  was  too  small  at  270^  to  permit  of  trust- 
worthy measurements. 

1.  Cadmium. — Temperature  =  260°  ;  percentage  in  amalgam,  2"074 ; 
vapour-pressure  (mean  of  11  measurements),  93'02  mm.;  highest 
measurement,  93-6  mm. ;  lowest,  92'2  mm. ;  calculated  molecular 
weight,  104-1 ;  temperature  =  270''  ;  percentage,  the  same  ;  vapour- 
pressure  (mean  of  9  measurements)  120-17  mm.;  highest  measure- 
ment, 120-75  mm.;  lowest,  119-45  mm;  calculated  molecular  weight, 
117'7 ;  mean  of  both  determinations,  110-9  ;  atomic  weight  of  cad- 
mium, 112-1, 

2.  Sodium. — Temperature  =  270"" ;  percentage  in  amalgam,  0-6255; 
vapour-pressure   (mean   of   18   measurements),    112-9  mm. ;    highest 
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measurement,  1142  mm. ;  lowest  measurement,  lll'S  mm. ;  calculated 
molecular  weight,  13*86  ;  atomic  weiglit  of  sodium,  23"04. 

Owing'  to  the  difficulty  of  experiment,  tliis  process  was  abandoned 
in  favour  of  a  simpler  one.  A  JJ-tube  with  a  shorter  limb  was  em- 
ployed, of  the  shape  shown  in  the  figure.       Close  beside,  almost  in 


contact  with  it,  was  a  perfectly  similar  (J-tube.  Both  of  these  tubes 
were  surrounded  by  a  bath  of  mercury  vapour.  The  one  containing 
the  amalgam  w^as  connected  with  a  gauge  standing  in  the  same  trough 
with  a  barometer  so  that  the  pressure  could  be  slightly  altered,  and 
various  separate  readings  of  pressure  could  be  taken.  As  the  tem- 
perature of  the  boiling  mercury  was  not  invariably  that  cori'esponding 
to  the  atmospheric  pressure  of  the  day,  some  slight  difference  being 
always  caused  by  radiation,  or  by  convection  currents,  the  second 
(J-tiibe,  which  contained  pure  mercury,  served  to  correct  the  reading  ; 
for,  had  the  temperature  been  exactly  that  of  mercury  vapour,  the 
levels  of  the  mercury  in  the  two  limbs  of  the  second  [J-tube  would 
have  been  the  same  ;  this  was  sometimes  the  case  ;  but  as  a  rule,  the 
temperature  of  the  bath  was  slightly  below  that  of  the  temperature  of 
the  vapour  of  boiling  mercury  at  the  pressure  of  the  day,  and  by  sub- 
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tracting  the  difference  iu  level  of  the  mercury  iu  the  two  limbs  of  the 
second.  \J  -tube  from  the  height  of  the  barometer,  the  pressure  truly 
corresponding  to  the  temperature  of  tlie  mercury  vapour  was 
obtained. 

In  this  way,  a  series  of  determinations  at  the  boiling  point  of 
mercury  were  obtained  ;  it  was  unnecessary  to  know  the  temperature, 
for  that  corresponded  to  the  pressure  of  the  atmosphere  of  the  day, 
subject  to  the  correction  mentioned. 

Various  methods  of  filling  the  experimental  (J -tube  with  amalgan 
were  resorted  to,  according  to  the  nature  of  the  metal  experimented 
with.  The  usual  method  of  procedure  was  as  follows  : — The  tube 
was  pumped  empty  by  means  of  a  Sprengel's  pump,  and  hydrogen 
was  admitted  to  restore  the  pressure.  The  tube  was  again  evacuated, 
and  the  amalgam,  previously  prepared,  was  introduced  through  the 
side-tube.  The  determinations  having  been  made,  the  percentage 
composition  of  the  amalgam  was  ascertained  by  analysis.  This  plan 
was  pursued  with  oxidisable  metals,  such  as  lithium,  sodium, 
potassium,  barium,  and  manganese.  With  metals  easily  obtained 
and  not  readily  oxidisable,  the  requisite  amount  of  mercury, 
weighed  out,  was  introduced  into  the  tube.  The  tube  was  then 
exhausted  and  filled  with  hydrogen  ;  the  metal,  weighed  out,  was 
dropped  on  to  the  mei'cury,  and  the  stopper  replaced ;  and  the  tube 
was  again  exhausted  and  again  filled  with  hydrogen.  Befoi'e  each 
experiment,  the  contents  of  the  [J  -tube  were  well  boiled  for  about  an 
hour  under  diminished  pressure,  so  that  all  gas  might  be  carried 
round  the  bend.  On  increasing  the  pressure,  it  is  necessary  that  the 
mercury  column  should  quickly  touch  the  glass,  leaving  no  trace  of 
a  gas-bubble.  During  each  experiment,  often  between  each  two 
readings,  the  pressure  was  again  reduced  so  as  to  ensure  the  expulsion 
of  any  residual  gas.  It  was  seldom  found  that  this  operation  was 
necessary,  for,  as  a  rule,  the  readings  obtained  were  identical  within 
the  limits  of  experimental  error. 

The  proportion  which  the  experimental  error  bears  to  the  result 
obtained  differs  in  each  individual  case.  It  was  not  common  to 
obtain  two  readings  from  any  set  with  so  gi-eat  a  difference  as  1  mm. 
in  pressure.  But  when  the  total  lowering  of  vapour-pressure  amounts 
to  10  mm.  this  represents  an  extreme  error  of  10  per  cent.  In  cases 
where  larger  amounts  were  used  the  error  was  proportionately 
smaller,  and  often  did  not  amount  to  more  than  1  or  2  per  cent.  The 
m.ean  result  is  of  course  still  more  trustworthy. 

The  source  of  an  error  which  cannot  be  very  great,  and  yet  which 
cannot  well  be  estimated,  has  been  previously  mentioned,  viz.,  that 
the  form  of  the  meniscus  in  the  closed  limb  differs  from  that  in 
the  open  limb.     Here  it  is  not  the   mere  differences  in  level  which 


530      EAMSAY:   THE  MOLECULAR  WEIGHTS   OP   THE   METALS. 

require  correction,  that  can  easily  be  approximated  to,  and  has  been 
■uniformly  allowed  for ;  it  is  the  unknown  diminution  or  increase  in 
pressure  produced  by  the  tendency  of  the  curved  surface  to  occupy  a 
lower  position  in  the  tube  than  a  plane  surface  would.  The  general 
concordance  of  the  results  would,  however,  show  that  this  error  is 
not  a  serious  one.  The  depression  in  one  limb  is  partially  balanced 
by  that  in  the  other,  and  the  algebraic  sum  is  probably  negligeable. 

The  results  will  now  be  considered  in  the  order  in  which  the 
metals  occur  in  the  periodic  table  : — 

1.  Lithium. — Prepared  by  electrolysing  a  solution  of  the  chloride, 
mercury  forming  the  negative  electrode.  Long,  lustrous,  needle- 
shaped  crystals  separated  on  standing,  which  rapidly  become  dull, 
and  melted  on  exposure  to  air.  The  constants  were  determined,  and 
the  lithium  in  the  portion  of  amalgam  employed  was  subsequently  esti- 
mated as  chloride.    The  amalgam  was  admitted  through  the  side  tube. 

2.  Sodium. — Sodium  amalgam,  prepared  in  the  usual  way,  was 
employed.  It  was  admitted  through  the  side-tube  into  a  rarefied 
atmosphere  of  hydrogen.  Five  sets  of  experiments  were  made,  the 
percentage  of  sodium  in  the  amalgam  being  different  in  each  case. 
The  sodium  was  afterwards  estimated  as  chloride. 

3.  Potassium. — The  results  with  potassium  amalgam  were  similarly 
obtained,  two  sets  of  experiments  being  made. 

4.  Bariiim. — Barium  amalgam  was  prepai'ed  in  the  same  manner  as 
lithium  amalgam.  Before  introducing  it  into  the  (J -tube,  it  was 
warmed  so  as  to  bring  all  the  barium  amalgam  into  solution.  When 
cold  it  was  filled  with  needle-shaped  crystals.  After  the  experiments 
had  been  made,  the  barium  was  estimated  as  sulphate. 

5.  6,  and  7.  Repeated  attempts  were  made  to  prepare  beryllium, 
calcium,  and  strontium  amalgams  in  a  similar  manner,  but  without 
success.  The  amalgams  can  be  made,  but  are  so  easily  attacked  by 
water,  even  when  the  tube  in  which  the  electrolysis  took  place  was 
surrounded  by  a  freezing  mixture,  that  they  were  not  of  sufficient 
concentration  to  give  trustworthy  results.  All  of  them  oxidise  very 
rapidly  on  exposure  to  air,  beryllium  amalgam  becoming  covered  with 
a  black  film,  whilst  strontium  and  calcium  are  covered  by  a  grey  film 
of  oxide.  During  the  electrolysis  of  calcium  chloride,  the  solution  is 
filled  with  black  particles ;  this  is  not  the  case  with  strontium  or 
barium.  Attempts  were  also  made,  but  without  success,  to  prepare 
the  metals  by  the  electrolysis  of  the  fused  chlorides ;  for  no  coherent 
lumps  were  obtained  which  would  have  been  suitable  for  such  deter- 
minations. The  depression  produced  by  these  amalgams  was  always 
too  small  to  give  trustworthy  results.  The  result  for  calcium,  how- 
ever, will  be  given  in  its  place,  but  it  must  not  be  considered  as  of 
any  great  value. 
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8.  Magnesium. — A  sample  of  commercial  magnesium  was  sublimed 
in  a  vacuum  by  heating  it  to  redness  in  a  piece  of  hard  combustion 
tubing.  It  sublimed  with.  difiBculty ;  but  the  resulting  metal  had  a 
silver-white  colour,  and  was  obviously  pure.  A  weighed  piece  was 
dropped  on  the  surface  of  the  mercury  in  the  (J -tube  ;  the  tube  was- 
then  exhausted  and  filled  with  hydrogen.  Two  sets  of  experiments 
•were  made  with  different  quantities. 

9.  Zinc. — This  metal  was  also  carefully  purified  by  distillation  in  a 
vacuum.  The  pure  zinc  was  barely  attacked  by  lu-drochloric  acid, 
even  at  boiling  temperature.  The  method  was  the  same  as  with 
magnesium.     Three  sets  of  experiments  were  made. 

10.  Cadmium. — The  sample  was  also  purified  by  distillation.  Three 
sets  of  experiments  were  made. 

These  amalgams  ai'e  also  unstable  in  moist  air.  The  amalgam  of 
magnesium  turns  black,  and  it  was  conjectured  that  the  black  sub- 
stance might  prove  to  be  a  suboxide  of  magnesiiTm  ;  but  on  analysis 
it  proved  to  be  a  mixture  of  magnesia  with  finely  divided  mercury. 
Zinc  amalgam  is  more  stable  in  air  than  magnesium  amalgam ;  and 
the  cadmium  compound  niay  be  exposed  for  some  time  without  much 
oxidation. 

11.  Ahimt7iium. — A  sample  of  aluminium  wire,  which  contained  on 
analysis  99'1  per  cent,  of  aluminium,  was  employed.  It  was  cut  into 
short  lengths  and  dropped  into  a  weighed  amount  of  mercury  con- 
tained in  the  JJ-tube.  After  exhaiistion  and  filling  with  dry  hydrogen, 
the  aluminium  dissolved  readily  on  boiling  the  mercury.  The  result- 
ing amalgam  possesses  a  most  curious  property.  A  drop,  allowed  to 
stand  in  ordinary  air,  sends  out  a  loose,  porous,  white  mass  of  alumi- 
nium oxide,  whicli  grows  from  bour  to  hour  and  presents  the  appear- 
ance of  a  long,  white  worm,  often  attaining  the  length  of  a  foot.  All 
the  aluminium  is  thus  expelled  from  the  mercury,  and  the  alumina 
may  be  ignited  and  weighed.     Two  sets  of  experiments  were  made. 

12.  Gallium. — By  the  kindness  of  M.  Lecoq  de  Boisbaudran,  I  was 
furnished  with  0"5  gram  of  gallium.  It  dissolved  easily  in  the 
mercury.  One  estimation  was  made.  The  gallium  amalgam  does 
not  tarnish  in  air. 

13.  Thallium. — A  sample  of  commercial  thallium  was  purified  by 
precipitation  as  chloride,  and  reduction  by  fusion  with  potassium 
carbonate  and  cyanide.  The  amalgam  is  easily  made,  and  does  not 
tarnisli.     Five  experiments  were  made. 

14.  Tin. — The  metal  was  reduced  from  the  dioxide  as  with  thallium. 
The  amalgam  is  stable  in  air.     Two  experiments  were  made. 

15.  Lead. — The  metal  was  prepared  from  the  chloride,  as  above. 
Two  sets  of  readings  were  taken. 

16.  Arsenic. — Attempts  to  prepare  an  amalgam  of  arsenic  failed  ; 
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the  element  is  insoluble  in  mercury,  even  at  the  boiling  point  of 
mercury ;  and  on  electrolysis  of  the  dilate  chloride,  the  element  is 
deposited  on  the  surface  of  the  mercury ;  none  enters  into  solution. 
Hence  experiments  could  not  be  carried  out. 

17.  Antimony. — Antimony  dissolves  in  mercury  freely  at  the  boiling 
point,  but  ciystallises  out  in  spangles  on  cooling.  The  amalgam  is 
permanent  in  air ;  four  estimations  were  made. 

18.  Bismuth. — Two  experiments  were  made  with  this  amalgam.  It 
is  permanent  in  air. 

19.  Copper. — Although  copper  amalgamates  readily,  yet  its  amalgam 
is  almost  insoluble  in  mercury,  even  at  the  boiling  point,  gi"\dng  too 
small  a  depression  of  vapour-pressure,  hence  experiments  made  with 
it  failed. 

20.  Silver. — The  same  remark  applies  to  silver.  But  the  amalgam 
is  much  more  soluble  in  boiling  mercury  than  the  corresponding  one 
of  copper.  One  set  of  readings  was  taken.  The  composition  of  the 
amalgam,  after  it  has  been  heated  to  dull  redness,  appears  to  be 
HgAg. 

21.  Gold. — This  amalgam  is  also  not  freely  soluble  ;  yet  sufficient 
dissolved  for  the  purpose. 

22.  23.  Flatinum  and  Palladium. — These  metals  do  not  dissolve  in 
mercury  to  a  sufficient  extent  to  make  it  possible  to  carry  out  experi- 
ments. 

24,  25.  Iron  and  Nickel. — Attempts  to  produce  these  alloys  by 
electrolysis  succeeded  in  so  far  as  dilate  solutions  were  obtained  ;  but 
the  amount  present  was  too  small  to  allow  of  an  estimation  of  their 
molecular  weights. 

26.  Manganese. — This  element  was  amalgamated  by  electrolysis  of 
its  chloride.  The  amalgam  rapidly  turns  black  in  air,  but  may  be 
preserved  for  some  time  under  water  in  a  closed  vessel,  on  which  it 
has  little  or  no  action.  Under  alcohol,  in  an  open  vessel,  it  rapidly 
becomes  oxidised,  owing  to  absorption  of  the  oxygen  of  the  air.  A 
successful  series  of  readings  was  obtained. 

The  results  of  these  experiments  are  given  in  the  table  (p.  533) . 

On  inspecting  the  table  it  will  be  seen  that  the  molecular  weights 
of  the  elements  lithium,  magnesium,  zinc,  cadmium,  gallium,  tin,  lead, 
bismuth,  silver,  and  gold  are  expressed  by  numbers  almost  identical 
with  their  atomic  weights.  But  here  the  question  of  probable  error 
of  experiment  should  be  considered.  It  may  be  taken  that  no  two 
readings  of  any  set  differed  by  more  than  a  millimetre.  The  total 
depression  with  different  elements,  however,  is  represented  by  numbers 
of  very  different  magnitude.  Thus  with  the  smallest  quantity  of 
sodium  taken,  0*86  atom  per  100  atoms  of  mercury,  the  mean  total 
depression  observed  was  6' 7  mm.     The  probable  error  is,  however, 
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reduced  by  the  number  of  observations,  and  cannot  be  considered  so 
great  as  1  mm.  It  would  have  been  easily  possible  to  calculate  the 
true  mean  probable  error  ;  but  the  result  would  have  given  a  fallacious 
impression  of  the  amount  of  error.  For,  as  has  been  previously  re- 
marked, there  is  a  source  of  error  impossible  to  estimate,    due  to 
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unequal  capillary  depression  in  the  open  and  closed  limbs  of  the  \J  -tube. 
It  must  however  be  held  that  those  measurements  in  which  a  large 
depression  was  observed  are  more  accurate  than  measurements  of  a 
small  depression,  inasmuch  as  the  total  quantity  measured  bears 
a  much  greater  proportion  to  the  sources  of  error. 

The  element  sodium,  present  in  small  proportion  to  the  solvent 
mercuiy,  has  apparently  a  molecular  weight  lower  than  the  atomic 
w^eight,  the  number  21'6  being  found,  whereas  the  atomic  weight  is 
23.  On  increasing  the  proportion  of  sodium,  the  apparent  molecular 
■weight  falls,  till  with  5"35  atoms  per  100  atoms  of  mercury,  the 
number  151  is  reached.  This  behaviour  is  not  observable  with 
potassium,  the  numbers  obtained  with  l"5-5  and  5'26  atoms  of  metal 
per  100  atoms  of  mercury  being  sensibly  identical.  The  low  number 
cannot  be  due  to  the  existence  of  stable  alloys  of  these  metals  with 
mercury,  for  if  these  were  present  a  higher  and  not  a  lower  weight 
would  be  observable.  One  possible  cause,  and  that  appears  an  im- 
probable one,  is  that  the  presence  of  sodium  tends  to  produce  an 
association  of  atoms  of  mercury  so  that  it  would  no  longer  be  justifi- 
able to  assume  the  atomic  weight  of  mercury  as  identical  with  its 
molecular  weight.  It  may,  on  the  other  hand,  be  the  case  that  a 
definite  stable  alloy  of  sodium  and  mercury  is  formed,  with  a  definite 
vapour-^^ressure,  and  that  such  a  substance  acts  as  a  solvent.  It  is, 
however,  remarkable  that  lithium,  an  element  closely  related  to 
sodium,  gave  no  sign  of  such  irregularity,  while  alteration  of  dilution 
with  potassium  is  apparently  without  influence  on  the  molecular 
weiffht,  which  nevertheless  was  found  lower  than  the  atomic  weight, 
viz.,  29  and  30,  instead  of  39. 

But  little  weight  can  be  attached  to  the  result  with  calcium ;  the 
difficulty  of  producing  a  sufficiently  concentrated  amalgam  hindered 
any  further  experimental  investigation.  Various  attempts  were  made 
without  success.  But  with  both  calcium  and  barium  the  same  pecu- 
liarity is  seen,  viz.,  molecular  weights  lower  than  the  atomic  weights 
of  these  elements.  No  doubt  the  cause  of  this  behaviour,  whatever  it 
may  be,  is  the  same  as  determines  it  with  sodium  ;  but  as  a  study  of 
the  influence  of  varying  amounts  did  not  throw"  light  on  the  anomaly 
with  sodium,  series  of  experiments  with  metals  much  more  difficult  to 
manipulate  were  not  executed. 

Perhaps  the  same  tendency  may  account  for  the  results  with  mag- 
nesium ;  but  as  the  total  depression  with  0'7  atom  present  per  100  of 
mercury  amounted  to  only  7'-l  mm.,  too  much  weight  must  not  be 
attached  to  the  number  24i"0.  With  cadmium,  again,  the  numbers 
obtained  are  somewhat  low;  and  about  these  results  there  can  be  no 
doubt ;  the  cadmium  was  free  from  zinc,  and  was  redistilled  in  a 
vacuum  befoi'C  use. 
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The  metal  thallium,  of  which  the  atomic  weight  is  approximately 
204,  again  gives  low  results,  varying  from  1G4  to  198  ;  but  the 
tendency  is  here  to  rise  with  increase  of  metal  proportionately  to 
solvent.  Still  there  can  he  no  douht  hero  as  to  the  molecular 
weight  indicated. 

The  metals  tin,  lead,  antimony,  and  bismuth  show  distinct  tendency 
towards  association  of  atoms.  The  more  concentrated  the  amalgam 
the  higher  the  apparent  molecular  weight.  As  regards  the  number 
301 '2,  obtained  for  antimony,  with  6"22  atoms  per  100  of  mercury, 
such  a  high  result  may  well  be  due  to  the  limit  of  solubility  of  anti- 
mony in  mercury  having  been  reached.  The  amalgam,  on  cooling, 
was  filled  with  crystals  of  antimony,  and  there  may  well  have  been 
free  antimony  in  the  hot  amalgam.  This  would  have  the  effect  of 
apparently  raising  the  molecular  weight ;  for  that  portion  which  did 
not  dissolve  in  the  mercury  would  still  appear  on  the  numerator  of 
the  fraction  in  the  equation  given  on  p.  524,  and  would  cause  the 
quotient  to  be  too  high.  I  do  not  think  that  this  was  the  case  Avith 
3"84  atoms  of  antimony  present  per  100  of  mercury,  for  the  amalgam 
on  cooling  deposited  few  crj^stals.  And  the  I'emark  is  also  inapplicable 
to  the  three  metals  tin,  lead,  and  bismuth,  all  of  which  are  readily 
soluble  in  mercury. 

The  metals  gallium,  silver,  and  gold  give  numbers  sufficiently 
near  their  atomic  weight  to  render  it  probable  that  the  molecule 
and  atom  are  with  them  identical. 

The  only  other  elements  to  be  considered  are  manganese,  with  which 
the  normal  number  was  obtained,  and  aluminium,  which  gave  inva- 
riably high  results.  Good  commercial  aluminium  was  used,  which  on 
analysis  was  found  to  contain  over  99  per  cent,  of  that  metal.  The 
result  can  hardly  be  attributed  to  impurity,  but  must  be  connected 
in  some  way  with  the  metal  itself.  The  numbers  36'7  and  33*1  were 
found  instead  of  27.  It  is  possible  but  not  probable  that  such  a 
high  result  is  due  to  association  of  atoms ;  for  very  different 
amounts  were  used  in  each  case,  viz.,  1'52  atoms  and  2'94  atoms  per 
100  atoms  of  mercury. 

It  is  interesting  to  compare  these  results  with  those  of  two  experi- 
menters who  have  published  their  results  since  the  preliminary  note 
of  this  research  was  read.  Messrs.  Heycock  and  N^eville  made  use 
of  the  method  of  freezing  in  a  similar  series  of  observations ;  their 
preliminary  note  is  published  in  the  Proceedings  of  the  Chemical 
Society,  1889,  No.  65.  Employing  tin  as  solvent,  they  find  concordant 
results  for  the  metals  zinc,  copper,  silver,  cadmium,  lead,  and  mer- 
cury. The  elements  antimony  and  aluminium  gave  abnormal  results. 
With  antimony  they  obtained  a  rise,  connected  possibly  Avith  the 
formation  of  a  compound  of  antimony  and   tin,    and   its   serving  as 
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solvent ;  and  with  aluminium  the  fall  was  only  1'34°  per  atom  o£ 
metal  per  100  atoms  of  solvent  instead  of  about  2'4°.  This  would 
imply  a  high  molecular  weight  for  aluminium  ;  in  fact,  assuming  the 
other  metals  to  have  molecular  Aveights  identical  with  their  atomic 
weights,  the  molecular  weight  of  aluminium  should  be  represented  by 
the  formula  Ah  when  dissolved  in  tin. 

G.  Tamman  has  also  published  a  memoir  in  Ostwald's  Zeitschrift  filr 
physikaliscJie  Chejnie,  1889,  441,  in  which  he  gives  results  similar  to 
those  of  Messrs.  Heycock  and  Neville.  He  used  mercury  as  solvent, 
and  with  the  metals  potassium  and  sodium  obtained  what  he  con- 
siders normal  results  ;  taking  as  the  molecular  depression  of  freezing 
point  of  mercury  425,  the  mean  numbers  for  these  metals  are  424 
and  420.  Very  dilute  solutions  were  used,  varying  from  0'048  atom 
to  0"353  atom  per  100  atoms  of  mercury.  With  thallium  and  with 
zinc,  lower  numbers  were  obtained,  viz.,  365  and  390,  while  with 
bismuth  the  number  570  expresses  incipient  association.  With  lead, 
cadmium,  gold,  and  tin  his  results,  when  only  small  amounts  were 
employed,  were  also  normal  ;  but  with  larger  amounts,  either  associa- 
tion of  atoms  or  formation  of  stable  alloys  occurred,  rendering  the 
results  inconclusive. 

Similar  experiments,  in  which  sodium  was  employed  as  solvent, 
gave  erratic  results — in  every  case  appearance  of  association  of  atoms 
being  observed.  But  Tamman  points  out  that  it  is  improbable  that 
such  association  can  take  place,  as  it  would  contradict  experience. 
We  have,  however,  no  knowledge  of  molecular  weights  of  metals  at 
low  temperatures ;  which,  moreover,  are  eminently  favourable  to 
chemical  association  of  atoms  to  form  molecules.  No  opinion  can  be 
pronounced  on  Tamman's  suggestion  in  the  present  state  of  our 
knowledge.  It  is,  however,  noteworthy  that  the  solvent  in  this  case 
is  a  substance  which  gives  curious  results  as  regards  its  own  mole- 
cular weight  as  determined  by  the  boiling  point  method  ;  and  it  may 
be  that  its  molecular  aggregation  is  disturbed  by  the  presence  of 
foreign  metals  dissolved  in  it. 

So  far,  then,  as  conclusions  can  be  drawn  from  these  experiments, 
it  would  appear  legitimate  to  infer  that  in  solution,  as  a  rule,  the  atom 
of  a  metal  is  identical  with  its  molecule,  as  the  physical  properties  of 
those  metals  which  have  been  vaporised  would  lead  us  to  suppose. 
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L. — The  Amount  of  Nitric  Acid  in  the  Ttain-ivater  at  jRothamsted,  loith 
Notes  on  the  Analysis  of  Rain-ivater. 

By  R.  Waringtox,  F.R.S. 

The  earliest  analyses  of  the  rain- water  at  Rotbamsted  jJul^li'^^licd  by 
Lawes  and  Gilbert  (Brit.  Ass,  Ueport,  1854),  do  not  include  the 
determination  of  nitric  acid ;  attempts  were  indeed  made  to  deter- 
mine the  amount  present,  but  the  method  used  proved  inadequate  for 
this  purpose.  Way  subsequently  determined  the  nitric  acid  in  samples 
of  Rothamsted  rain-water,  representing  the  rainfall  of  each,  month  in 
1855  and  1856  (./.  Roij.  Acjri.  Soc,  1856,  142,  618;  1886,  12).  To 
accomplish  these  determinations  he  made  use  of  the  reaction  pro- 
posed by  Bunsen :  the  residue  obtained  by  evaporating  the  rain  with 
lime-water  was  heated  with  potassium  iodide  and  hydrochloric  acid 
in  a  flask  free  from  oxygen,  and  the  liberated  iodine  determined. 
By  this  process  he  obtained  a  mean  of  0*12  of  nitrogen  as  nitric  acid 
per  million  of  water,  the  extreme  amounts  in  the  rainfall  of  any 
month  being  0*06  and  0'30  per  million.  The  total  quantity  of  nitric 
nitrogen  in  the  rainfall  of  each  year  was  respectively  0*72  lb.  and 
0"76  lb.  per  acre. 

In  1869  and  1870,  Dr.  E.  Frankland  examined  71  samples  of  rain- 
water from  Rothamsted  for  nitric  acid.  He  found  that  his  usual 
method  (the  production  of  nitric  oxide  gas  by  the  action  of  the  water 
residue  mixed  with,  sulphuric  acid  upon  mercury)  failed  to  show  the 
presence  of  nitric  acid.  Thirty-four  of  the  samples  of  rain-water 
were,  however,  examined  by  the  aluminium  method,  and  in  each  case 
nitric  acid  was  found.  The  arithmetical  mean  of  these  34  analyses 
gives  0'14  of  nitrogen  as  nitric  acid  per  million  of  water,  the  extremes 
being  0*01  and  0"44  per  million.  In  samples  of  dew,  a  maximum  of 
0'50  was  obtained.  As  the  samples  of  rain  examined  did  not  repre- 
sent the  whole  rainfall  of  any  period,  they  do  not  afford  material  for 
calculating  the  average  composition  of  rain-water ;  the  mean  result 
of  the  34  analyses  agrees,  however,  substantially  with  the  earlier 
results  obtained  by  Way. 

In  recent  years,  new  determinations  of  the  ammonia,  chlorine,  and 
sulphuric  acid  in  rain-water  have  been  made  at  the  Rothamsted 
Laboratory  (Trans.,  1887,  501)  ;  we  have  now  to  record  similar 
results  relating  to  nitric  acid. 

The  rain-water  employed,  as  in  all  the  determinations  already 
noticed,  was  collected  in  a  large  leaden  gauge,  having  an  area  of 
1-lOOOth  of  an  acre.      Of  the  daily  collection  of  rain,  dew,  or  snow- 
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water,  a  fixed  fraction  (a  gallon  for  each  inch)  was  placed  in  a 
carboy  ;  at  the  end  of  each  month  the  contents  of  the  carboy  was 
mixed,  and  a  sample  taken  for  analysis.  In  the  carboy  receiving  the 
rain  for  nitric  acid  estimation,  a  little  mercuric  chloride  was  placed 
each  month,  with  the  view  of  preventing  any  change  of  ammonia  into 
nitric  acid ;  it  may  be  doubted,  however,  if  this  precaution  was 
necessary,  as  the  rain-water  always  contained  a  very  appreciable 
amount  of  lead,  and  earlier  experiments  (./.  Hoy.  Agri.  Soc,  1883, 
319)  showed  that  on  the  whole  the  rain-water  more  frequently 
gained  than  lost  ammonia  by  keeping. 

The  method  first  employed  was  to  concentrate  10  lbs.  of  the  rain- 
water in  a  retort,  a  little  magnesia  being  added  to  decompose  any 
ammonium  nitrite  or  nitrate  present.  The  concentration  was  con- 
ducted in  a  retort,  as  earlier  experiments  had  shown  (Trans.,  1881, 
229)  that  evaporation  in  the  open  air,  and  especially  over  gas, 
resulted  in  a  distinct  addition  to  the  nitrites  present.  "When  concen- 
trated to  a  small  bulk,  the  water  was  filtered,  and  then  evaporated 
nearly  to  dryness  in  a  very  small  beaker.  The  nitrogen  as  nitrates 
and  nitrites  was  then  determined  by  the  improved  form  of  Schloesing's 
method  already  described  (Trans.,  1882,  345),  the  amount  of  nitric 
nitrogen  being  ascertained  by  measurement  of  the  nitric  oxide  gas 
obtained. 

My  own  experiments  had  shown  Schloesing's  method  to  be  sus- 
ceptible of  great  accuracy,  and  to  be  quite  unaffected  by  the  presence 
of  organic  matter.  Suspicion  was,  however,  aroused  that  nitrates 
were  lost  during  the  final  stage  of  concentration  of  the  water.  In 
some  cases,  depending  apparently  on  the  amount  of  organic  matter 
present,  a  heavy  black  deposit,  probably  of  reduced  lead,  was  fopmed 
when  the  water  reached  a  small  bulk,  and  from  this  deposit  bubbles 
of  gas  "wei'e  continuously  evolved.  Fearing  the  reduction  of  nitrates, 
I  sought  to  control  the  results  by  some  method  in  which  the  concen- 
tration of  the  water  should  be  unnecessary.  The  aluminium  method 
seemed  open  to  objection,  as  it  involved  the  addition  of  much  sodium 
or  potassium  hydrate,  which  would  probably  react  on  the  nitrogenous 
organic  matter  in  the  rain-water  and  produce  ammonia.  I  resolved, 
therefore,  to  try  the  copper-zinc  couple,  following  the  plan  proposed 
by  M.  W.  Williams  (Trans.,  1881,  100). 

In  the  experiments  first  made,  ammonia  was  determined  in  one 
portion  of  the  rain-water ;  the  nitrates  and  nitrites  were  then  reduced 
by  means  of  the  couple  in  another  portion  of  the  water,  and  ammonia 
again  determined ;  from  the  difference  in  the  quantity  of  ammonia 
found  in  the  first  and  second  determination,  the  quantity  of  nitrogen 
originally  present  as  nitrates  and  nitrites  was  calculated.  This  mode 
of  proceeding  was  soon  rejected  as  admitting  of  little  exactness.     As 
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tlie  determinations  of.  ammonia  were  made  by  Nesslerising,  the  quan- 
tity of  ammonia  present  in  the  second  determination  was  necessarily 
small,  and  the  greater  part  of  this  consisted  of  the  ammonia  originally 
present  in  the  rain ;  the  errors  of  two  determinations  thus  fell  on  the 
very  small  amount  of  ammonia  representing  the  nitrates  and  nitrites 
in  the  water. 

The  method  finally  adopted  was  to  boil  rapidly  1  litre  of  the  rain- 
water in  a  retort,  with  a  little  magnesia  (previously  raised  to  a  low 
red  heat  and  then  washed),  till  250  c.c.  had  distilled  over.  Tbe 
residue  was  then  made  up  to  800  c.c,  transferred  to  a  wide-mouthed 
stoppered  bottle,  supplied  with  strips  of  zinc  foil  converted  into 
couple,  and  placed  in  an  incubator  at  21 — 24°  for  three  days.*  A 
measured  portion  of  the  solution  was  then  distilled,  and  the  ammonia 
in  the  distillate  determined. 

This  plan  had  two  advantages  :  1.  The  ammonia,  as  well  as  the 
nitrogen  as  nitrates  and  nitrites,  could  be  determined  in  the  course  of 
the  same  operation,  and  in  the  same  sample  of  water.  For  this  purpose 
it  was  only  necessary  to  fit  the  retort  to  an  efficient  condenser,  and  to 
remove  all  ammonia  from  the  apparatus  by  boiling  distilled  water  in 
the  retort  before  introducing  the  rain-water.  The  distillate  of 
250  c.c.  afterwards  obtained  was  well  mixed,  and  the  ammonia 
present  determined  in  25,  50,  or  100  c.c,  diluted  to  150  c.c.  Avith 
water  free  from  ammonia.  2.  The  nitrogen  as  nitrates  and  nitrites 
was  determined  directly  and  alone ;  the  error  of  the  determination 
was  also  as  small  as  Nesslerising  admits  of,  since  it  was  possible,  if 
necessary,  to  distil  600  c.c.  of  the  boiled  rain-water  (corresponding  to 
750  c.c  of  original  rain),  and  thus  obtain  a  full  amount  of  ammonia 
for  determination,  even  when  the  rain  had  been  poor  in  nitrates. 

Some  of  the  monthly  samples  of  rain-water  were  analysed  both  by 
the  Schloesing  and  by  the  copper-zinc  method,  with  the  results  given 
in  the  next  table. 

On  comparing  the  results  given  by  the  two  methods,  it  appears  that 
in  a  number  of  cases  the  differences  shown  are  very  small ;  whilst  in 
fewer  instances,  generally  where  the  rain-water  is  of  a  more  concen- 
trated character,  the  copper-zinc  method  shows  a  considerably  larger 
amount  of  nitric  acid.  In  11  samples  of  rain,  the  mean  amount  of 
nitric  nitrogen  found  by  Schloesing's  method  was  0'125,  and  by  the 
copper-zinc  method  0'162  per  million  of  water.  The  original  sus- 
picion was  thus  confirmed.     The  lower  result  obtained  by  the  use  of 

*  This  time  is  a  good  deal  longer  than  that  mentioned  bj  Williams.  It  is  perhaps 
unnecessarily  long ;  but  the  condition  of  the  solution  naturally  determines  a  very 
slow  action.  The  disappearance  of  nitrites,  as  shown  by  metaphenylenediamine,  i? 
in  tliis  case  no  safe  indication  of  the  completion  of  the  reaction,  as  the  amount  of 
nitrous  nitrogen  will  frequently  be  too  small  to  give  a  reaction  with  this  test. 

2   P  2 
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Nitrogen  as  Nitrates  and  Nitrites  per  million  of  Rain-ivater. 


Kains  analysed. 


1886,  September 

„     December 

1887,  January 

„     Marcli 

„     August 

,,     September 

„     October 

„     November    

,,     December 

1888,  February 

„     March   ". 

Mean  11  analyses 


Schloesing's 
method. 


■106 
•038 
■111 
•163 

•366 
•081 
•094 
•069 
•064 
•127 
•068 


Copper-zinc 
method. 


•270 
•048 
•172 

•247 

•385 

•093 

•090 

■093 

■066* 

•229* 

■095* 


Difference 

0 

074 

0 

010 

0 

061 

0 

084 

0 

019 

0 

012 

0 

004 

0 

024 

0 

002 

0 

102 

0 

027 

0^125 


0^162 


0^037 


Nitrogen  as  Nitrates  and  Nitrites  in   19  Monthly  Rainfalls  at 
Bothamsted  (ScMoesing's  Method). 


p  n 

Nitrogen  as  nitrates  and  nitrites. 

Per  million. 

Per  acre. 

1886,  September 

inc 
1 
3 
2 
4 
2 
1 
1 
2 

0 
0 
1 
3 
1 
3 
1 
0 
0 
3 
2 

lies. 

51 

94 

77 

21 

39 

76 

19 

35 

71 

79 

04 

11 

69 

41 

66 

95 

98 

13 

14 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

196 
089 
064 
038 
111 
163 
106 
162 
284 
204 
366 
081 
094 
069 
064 
198 
127 
068 
145 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

b. 
067 

,,     October  

079 

040 

036 

1887,  January 

060 

„     March 

065 
029 

„     May 

086 

046 

„     Jidy 

036 

086 

057 

,,     October 

036 

„     November   

054 

,,     December 

] 888,  January 

024 
043 

,,     February 

028 

,     March 

048 

,     April    

070 

Mean  of  19  months 

2^09 

0-111 

0  052 

Total  12  months.  May,  1887,  to 
April,  1888   

21-96 

0  124 

0-614 

*  These  results  vrere  obtained  with  the  less  exact  method  first  employed. 
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Schloesing's  method  in  tlie  case  of  certain  rain-waters  was  probably- 
due,  as  already  suggested,  to  a  reduction  of  nitrates  during  the  pre- 
liminary concentration  of  the  water,  and  was  thus  no  fault  of  the 
method  itself. 

When  this  error  of  deficiency  was  discovered,  the  nitrogen  as 
nitrates  and  nitrites  had  already  been  determined  during  19  months 
by  Schloesing's  method.  Since  May,  1888,  the  copper-zinc  method, 
with  its  accompanying  determination  of  the  ready-formed  ammonia 
in  the  rain,  has  been  exclusively  made  use  of.  The  results  of  these 
analyses  are  given  on  page  540  and  below. 


Nitrorjen  as  Nitrates  and  Nitrites  in  20  Montlily  Rainfalls  at  BotJiam- 
sted  {Copper-zinc  Method). 


1886,  September 

„      December 

1887,  Januaiy 

,,      March 

,,     August 

„     September 

,,     October 

„      November 

1858,  May    

„     June    

„     July 

„     August   

,,     September 

,,     October 

,,      November 

,,      December 

1859,  -January 

„      Februai'y 

,,      March 

,,      April 

Mean  of  20  months  , 

Total  12  months,  May,  1888, 
to  April,  1889 


Rainfall. 


C'hes. 
■51 
•21 
•39 
•76 
•04 
•11 
•69 
•41 
•28 
•87 
•86 
•38 
•03 
•09 
•46 
•69 
•29 
•95 
•89 
•48 


Nitrogen  as  nitrates  and  nitrites. 


Per  million. 


0^270 
0-048 
0-172 
0-247 
0-385 
0-093 
0-090 
0-093 
0-109 
0-167 
0-104 
0-090 
0-253 
0  -173 
0-096 
0-155 
0-190 
0-095 
0-136 
0-230 


Per  acre. 


lb. 
■092 
-046 
-093 
•098 
•091 
-065 
034 
•072 
-031 
-184 
-091 
-069 
'059 
•043 
■097 
•059 
■055 
•042 
•058 
•129 


2^42 


0-138 


0  075 


29-27 


0-139 


0^917 


A  comparison  of  the  average  amount  of  nitric  nitrogen  found  by 
the  two  methods  again  shows  that  higher  results  were  obtained  by 
the  copper-zinc  method.  Thus  the  average  contents  of  19  monthly 
samples  (mean  rainfall  2^09  inches)  is  O'lll  of  nitric  nitrogen  per 
million  by  the  Schloesing  method ;  whilst  the  average  of  20  monthly 
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samples  (mean  rainfall  2'42)  is  0'138  per  million  by  the  copper-zinc 
method.  The  excess  by  the  latter  method  shown  by  these  figures  is 
also  probably  below  the  truth,  as  the  waters  analysed  in  the  copper- 
zinc  series  represent  heavier  rainfalls,  and  consequently  weaker 
waters,  than  those  analysed  in  the  preceding  series  by  Schloesing's 
method. 

The  average  amount  of  nitrogen  as  nitrates  and  nitrites  found  by 
the  more  exact  (copper-zinc)  method  is  0"i38  per  million.  This  is 
almost  exactly  the  figure  representing  the  arithmetical  mean  of 
Frankland's  34  analyses  of  individual  rainfalls,  namely,  0'14  per 
million.  It  is  slightly  higher  than  that  found  by  Way,  namely, 
0"12  per  million;  the  comparison  with  Way's  results  is  apparently  a 
fair  one,  as  the  average  monthly  rainfall  in  the  case  of  his  samples 
was  2*35  inches,  and  in  the  case  of  the  present  series,  2 '42  inches. 

In  the  next  table  the  amount  of  nitrogen  as  ammonia,  as  well  as 
that  found  as  nitrates  and  nitrites,  is  given  for  the  12  months  during 
which  the  copper-zinc  method  has  been  emploj-ed. 


Nitrogen  as  Ammonia,  and  as  Nitrates  and  Nitrites,  in  the  Rainfall  at 
Botliamsted  during  12  months,  1888-89. 


Eainfall 

Per  million  of  rain. 

Per  acre  (lbs.). 

(inches) . 

Nitrogen 

Nitrogen  as 

Nitrogen 

Nitrogen  as 

as 

nitrates  and 

as 

nitrates  and 

ammonia. 

nitrites. 

ammonia. 

nitrites. 

1888,  May 

1-28 

0-256 

0-109 

0  -074 

0-031 

„     June  

4-87 

0-500 

0-167 

0 

551 

0-184 

„     July 

3-86 

0-3SS 

0-104 

0 

338 

0  091 

,,     August .... 

3-38 

0-288 

0-090 

0 

220 

0-069 

„     September. . 

103 

1-025 

0-253 

0 

238 

0-059 

„     October. .  . . 

109 

0  -525 

0  173 

0 

129 

0-043 

„     November  . 

4-46 

0-313 

0-096 

0 

315 

0-097 

,,     December.. 

1-69 

0-500 

0-155 

0 

191 

'         0  -059 

1889,  January  . . . 

1-29 

0  575 

0  190 

0 

168 

0  055 

„     February  . . 

1-95 

0-238 

0-095 

0 

105 

!         0 -042 

,,     March  . .  . . 

1-89 

0-400 

0-136 

0 

171 

0-058 

,,     April 

2-48 

0-575 

0-230 

0-323 

0-129 

Whole  year  .  . . 

29-27 

0-426 

0-139 

2-823 

1        0  -917 

With  a  rainfall  slightly  above  the  average,  the  proportion  of  nitrogen 
as  ammonia  gives  a  mean  of  0"426  per  million  or  2'82o  lbs.  per  acre.* 
The   nitrogen   as    nitrates    and  nitrites   is   at   the  same   time  0'139 

*  This  amount  of  nitrogen  as  ammonia  is  somewhat  above  the  average  of  five 
years,  already  pubHshed  (Trans.,  1887,  502),  namely  2-41  lbs.  per  acre. 
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per  million,  ov  0"917  lb.  per  aci*e.  The  total  nitrogen  present  as 
ammonia,  and  as  nitric  and  nitrous  acid,  is  thns  3"74  lbs.  per  acre. 

The  amount  of  nitrous  acid  in  the  Rothamsted  rain-water  is 
extremely  small,  and  only  to  be  appreciated  by  the  delicate  naphthyl- 
amine  test. 

The  quantities  of  nitric  acid  found  by  other  investigators  have 
been  very  various.  The  average  i-csult  of  the  analyses  made  at  seven 
agricultural  stations  in  Germany  aud  Italy  in  18G4 — 72  (/.  Hoy.  Agric. 
Soc,  1881,  2G8),  representing  the  rainfall  of  13  years,  is  0'47  per 
million  of  nitrogen  as  nitric  acid,  and  1"2G  per  million  of  nitrogen  as 
ammonia,  the  total  being  10' 18  lbs.  of  nitrogen  per  acre  per  annum. 
At  the  Observatory  at  Montsouris  (Paris)  the  average  of  10  years  is 
0"70  of  nitrogen  as  nitric  acid,  and  1*82  of  nitrogen  as  ammonia  per 
million  of  rain,  the  total  being  eqiial  to  12"36  lbs.  of  nitrogen  per  acre 
per  annum. 

Results  recently  obtained  at  Lincoln,  Wew  Zealand,  and  at  Tokio, 
in  Japan,  agree  more  closely  with  the  Rothamsted  figures.  At 
Lincoln,  Professor  G.  Gray  finds,  on  an  average  of  three  years,  0"15  of 
nitric  nitrogen,  and  0"096  of  ammoniacal  niti'Ogen  per  million  of  rain ; 
the  total  equal  to  1'6  lb.  of  nitrogen  per  acre  per  annum.  At  Tokio, 
Kellner  finds  in  one  year's  rain  0'085  per  million  of  nitric  nitrogen, 
or  1"02  lb.  per  acre.  The  nitrogen  as  ammonia  in  another  year's  rain 
was  0"126  per  million,  or  1'78  lb.  per  acre. 

Miintz  and  Aubin  found  only  a  minute  trace  of  nitrates  in  rain  and 
snow-water  collected  at  the  summit  of  the  Pic  du  Midi  (nearly 
3000  m.  high)  ;  they  suggest  that  nitrates  are  not  produced  in  the 
atmosphere  at  elevations  above  those  at  which  electrical  discharges 
from  clouds  occur. 

Miintz  and  Marcano  {Comiot.  rend.,  108,  1062)  have  analysed  121 
rainfalls  from  Caracas  (Venezuela)  ;  the  mean  proportion  of  nitric 
nitrogen  was  0'578  per  million,  the  maximum  reached  was  4'21  per 
million.  Nineteen  rainfalls  from  St.  Denis  (Reunion)  gave  a  mean 
of  0*69  of  nitric  nitrogen  per  million.  They  conclude  that  the  pro- 
duction of  nitric  acid  in  the  atmosphere  proceeds  with  much  more 
energy  in  tropical  countries. 

Notes  on  the  Analysis  of  Rain-water. 

Rain-water  is  so  seldom  systematically  analysed  that  our  knowledge 
of  its  contents  in  various  localities  is  very  imperfect ;  it  may  perhaps, 
therefore,  be  of  some  use  to  describe  very  briefly  the  methods  of  analysis 
employed  at  Rothamsted. 

If  the  average  composition  of  rain-water  is  to  be  determined,  it  is 
most  important  that  either  the  tchole  of  the  rain  falling  on  a  given 
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area  sliould  form  tlie  sample  examined,  or  that  a  sample  representing 
tlie  whole  rainfall  sliould  be  prepared  by  mixing  together  a  fixed 
fraction  of  each  rainfall.  The  plan  adopted  in  preparing  the  montlily 
samples  at  Rothamsted  has  already  been  described.  Averages  obtained 
by  taking  the  mean  of  many  analyses,  without  regarding  the  relative 
quantity  of  tlie  rainfalls  which  they  represent,  are  necessarily  inexact. 

Am7no7iia. — When  ammonia  is  determined  by  Nesslerising,  the 
direction  usually  given  is  to  place  400  c.c.  or  500  c.c.  of  the  water 
in  the  retort,  and  to  distil  two  or  more  quantities  of  50  c.c.  ;  the  total 
ammonia  present  is  then  ascertained  by  adding  together  the  amounts 
found  in  the  sevei'al  distillates.  This  method  may  be  convenient 
when  nothing  is  known  as  to  the  quantity  of  ammonia  present,  but  it 
must  generally  be  attended  with  a  loss  of  accuracy.  The  liability  to 
error  in  comparing  the  tints  given  by  the  ammoniacal  distillate,  and  by 
the  standard  solution  of  ammonia,  is  not  inconsiderable,  and  is  usually 
estimated  as  5  per  cent.,  though  this  may  be  reduced  by  practice. 
The  possible  proportion  of  this  error  is  least  at  a  certain  depth  of  tint, 
about  that  g-iveh  by  2  c.c.  of  the  standard  solution  of  ammonium 
chloride;  with  much  weaker  solutions,  the  possible  error  will  assume 
considerably  larger  proportions.  In  following  the  method  described 
above,  we  have  the  errors  of  at  least  two  experiments  included  in  the 
determination  of  the  ammonia,  and  one  or  more  of  these  errors  may 
be  proportionally  great,  from  the  extreme  dilution  of  the  later  distil- 
lates. 

The  plan  adopted  at  Rothamsted  is  to  make  one  determination  of 
ammonia  in  the  whole  of  the  distillate  obtained,  the  strength  of  which 
is  regulated  by  varying  the  amount  introduced  into  the  i^etort,  so 
that  it  shall  be  equal  to  somewhere  about  2  c.c.  of  the  standard 
ammonia  solution.  A  150  c.c.  cylinder  is  first  filled  with  the  rain- 
water, and  3  c.c.  of  Nessler's  reagent  added ;  the  depth  of  tint  in- 
dicates what  quantity  of  rain  will  be  required  for  distillation.  The 
retort  and  condenser  having  been  freed  from  ammonia  by  boiling 
distilled  water  and  a  little  magnesia  in  the  retort,  the  measured 
amount  of  rain-water  is  added  to  the  (cooled)  contents  of  the  retort, 
taking  care  that  the  final  volume  does  not  exceed  600  c.c.  ;  distillation 
is  then  continued  till  a  150  c.c.  cylinder  is  filled.  The  determination 
of  ammonia  is  made  in  this  distillate  in  the  usual  way.  The  five 
years'  determinations  of  ammonia  already  referred  to  were  made  in 
this  manner.  When  nitric  acid  is  also  to  be  determined,  the  ready 
formed  ammonia  is  obtained  in  the  manner  described  above. 

Nitric  Acid. — The  general  mode  of  determining  nitric  acid  by  means 
of  the  copper-zinc  couple  has  been  already  given  ;  the  preparation  of 
the  couple  is  the  only  point  requiring  further  detail.  For  the  800  c.c. 
of  boiled  rain-water  I  employ  six  strips  of  zinc  foil,  4  inches  long  by 
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1^  inches  wide  ;  the  strips  are  bent  at  right  angles  along  their  centre 
to  obtain  stiffness.  The  couple  is  prepared  in  a  series  of  five  beakers, 
containing  respectively  a  dilute  solution  of  sodium  hydrate,  very 
dilute  sulphuric  acid,  3  per  cent,  solution  of  copper  sulphate,  ordinary 
distilled  Avater,  distilled  water  free  from  ammonia.  Through  these 
five  beakers  the  zinc-foil  is  successively  passed.  It  is  rinsed  both 
after  the  alkali  and  acid,  but  after  the  copper  has  been  deposited  the 
strips  are  simply  drained,  and  carefully  placed  in  the  distilled  water, 
it  being  difficult  to  rinse  without  removing  the  copper.  The  couple 
should  be  entirely  submerged  when  placed  in  the  I'ain-water. 

Chlorine. — The  method  of  estimation  employed  is  the  one  generally 
made  use  of  in  water  analysis,  namely,  titration  with  solution  of  silver 
nitrate,  using  potassium  dichromate  as  an  indicator.  The  proportion 
of  chlorine  in  rain  is  generally  too  small  to  be  determined  with 
accuracy  in  the  unconcentrated  water.  Moreover,  some  rain-waters 
give  at  once  an  orange  tint  with  the  reagents  employed,  giving  rise 
to  the  idea  that  chlorine  is  absent :  this  orange  tint  is  not  discharged 
by  the  addition  of  a  chloride.  The  method  adopted  at  Rothamsted  is 
to  add  5  c.c.  of  lime-water,  free  from  chlorine,  to  1  litre  of  rain-Avater, 
and  to  concentrate  the  vv.ater  in  an  open  basin  in  a  quiet  room  to  less 
than  a  quarter  litre.  When  cold,  the  water  is  filtered  through  a 
washed  filter  into  a  quarter-litre  flask,  diluted  to  a  quarter  litre,  and 
then  used  for  the  determination  of  chlorine.  In  water  thus  prepared 
a  normal  reaction  is  always  obtained. 

Sulphuric  Acid. — The  rain  used  for  the  determination  of  sulphates 
is  specially  collected  in  a  glass  funnel,  having  a  small  piece  of  asbestos 
cloth  in  the  pipe;  no  vulcanised  caoutchouc  is  employed  for  connec- 
tions. 10 — 15  lbs.  of  the  water  are  concentrated  to  a  small  bulk  in  a 
retort,  and  then  filtered  through  Swedish  paper  previously  washed 
with  hydrochloric  acid.  Sulphuric  acid  is  then  gravimetrically  deter- 
mined in  the  filtrate  with  barium  chloride.  The  concentration  in  a 
retort  is  essential,  as  gas  flames  are  a  constant  source  of  sulphuric 
acid. 
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LI. — The  Action  of  the  Chlorides  of  Propionyl  and  Biityryl  on  Phenol. 
By  W.  H.  Perkin,  Ph.D.,  F.R.S. 

As  I  have  been  making  an  examination  of  the  magnetic  relations  of 
some  of  the  phenylic  ethers  of  the  fatty  acids,  it  has  been  necessary  to 
prepare  several  of  them  in  a  pure  state.  The  process  employed  has 
been  the  ordinary  one  of  acting  on  phenol  with  an  acid  chloride.  It 
was  found,  however,  that  usually  the  phenylic  ether  is  not  the  sole 
product  of  the  reaction,  and  as  I  have  in  two  instances  to  some 
extent  examined  into  this  subject,  it  was  thought  that  it  might 
be  useful  if  I  gave  a  short  account  of  my  observations.  They 
refer  to  the  action  of  the  chlorides  of  propionyl  and  butyryl  on 
phenol. 

Action  of  Chlorides  of  Propionyl  on  Phenol. 

A  quantity  of  crystallised  phenol  was  treated  with  rather  more 
chloride  of  propionyl  than  that  required  by  theory  for  the  formation 
of  phenyl  propionate.  At  first  the  temperature  fell  very  considerably 
as  the  phenol  dissolved,  hydrochloric  acid  was  then  gradually  evolved, 
but  the  mixture  did  not  get  warm.  After  standing  for  about 
20  hours,  the  product  was  distilled,  the  portion  coming  over  between 
202"  and  230°  being  kept  separate.  The  rest  did  not  come  over 
entirely  below  360°,  the  last  parts  crystallising  on  cooling.  A  little 
carbonaceous  matter  was  left  in  the  retort. 

The  first  portion  boiling  at  202 — 203°  was  repeatedly  fractioned, 

and   eventually  a    considerable    quantity    was   obtained,   boiling   at 

211-5 — 212'5°  (corr.)  ;  this  was  considered  to  be  nearly  pure  phenyl 

15° 
propionate ;  its  density  d   ^^  was    1"04954.       On  standing,  however, 

during  the  cold  weather  the  substance  became  a  crystalline  mass,  and 
was  further  purified  by  draining  off  the  oily  products,  and  then  keep- 
ing the  crystals  on  a  porous  plate  for  some  time.  Thus  purified, 
phenyl  propionate  boils  at  211°  (corr.),  and  has  a  density  of — 

di°  1-06427,  4S  1-05418, 

c7||!  1-04672. 

Phenyl  propionate  crystallises  in  beautiful,  large,  transparent  prisms, 
which  fuse  at  20°  ;  when  in  the   liquid  state  it  may  be  cooled  to  0°, 
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and  kept  at   that  temperature  for  some   time  without  crystallising. 
It  has  been  previously  prepared  but  not  obtained  in  the  solid  state. 

The  pi'oduct  boiling  above  230°  was  again  distilled ;  all  that  came 
over  below  250°  was  rejected,  but  the  higher  parts  were  saponified  by 
boiling  with  alcoholic  potash,  a  little  water  added,  and  the  alcohol 
boiled  off.  On  the  addition  of  hydrochloric  acid,  an  oil  separated 
which  solidified  to  a  crystalline  mass.  This  was  purified  by  being 
spread  out  upon  a  porous  plate,  and  left  until  all  oily  products  had 
been  absorbed  :  it  was  then  dissolved  in  boiling  alcohol,  in  Avhich  it 
was  easily  soluble,  and  on  cooling  was  deposited  in  brilliant,  highly 
refractive  crystals  consisting  of  short  prisms  which  often  appear  as 
thick,  six-sided  tables.  On  analysis,  this  substance  gave  the  following 
numbers  : — 

0"2045  gram  of  substance  gave  0"5390  gram  of  COo  and  0"126O 
gram  of  0H2. 

Theory  for 
C9H10O2.  Found. 

Carbon 72-00'  71-99 

Hydrogen &60  6-84 

This  substance  is  therefore  isomeric  with  phenyl  propionate.  It 
is  easily  soluble  in  alkalis,  and  there  can  be  no  doubt  it  is  a  propionyl- 
phenol,  CaHsO-CeH^-OH. 

It  fuses  at  148'5°,  or  128*5°  higher  than  phenyl  propionate.  In 
boiling  water  it  dissolves  to  a  small  extent,  and  crystallises  out  as 
the  solution  cools.  Unlike  phenol,  it  dissolves  easily  in  ammonia, 
this  is  probably  owing  to  the  chlorous  influence  of  the  CaHsO  group. 

Action  of  Chloride  of  Butyryl  on  Phenol. 

Chloride  of  butyryl  behaves  with  phenol  in  a  manner  similar  to 
chloride  of  propionyl,  very  little  rise  of  temperature  taking  place. 
The  product  of  the  reaction  was  heated  to  its  boiling  point  to  drive 
off  hydrochloric  acid,  and  when  cooled  dissolved  in  twice  its  volume  of 
ether,  the  resulting  solution  was  then  agitated  with  dilute  potash  tO' 
remove  any  phenol,  separated,  dried  with  calcium  chloride,  and  dis- 
tilled. After  the  ether  had  come  over,  the  temperature  quickly  rose 
to  227°,  and  a  considerable  quantity  of  oil  came  over  between  this  and 
230°,  the  temperature  then  soon  rose  to  250°,  leaving  a  residue  in  the 
retort. 

On  fi^actioning  the  first  pai^t  a  few  times,  a  considerable  quantity  of 
oil  boiling  at  227 — 228°(corr.)was  obtained;  this  was  phenyl  butyrate  ;. 
its  density  determination  gave  : — 
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d~  1-03644,  d]^l  1-02685, 

(^||-°  1-01985. 

All  attempts  to  make  the  substance  crystallise  by  cooling  failed . 
It  has  not  previously  been  described. 

The  residual  product  left  in  the  retort,  and  boiling  above  250°,  was 
distilled  under  reduced  pressure  (250°  mm.).  It  commenced  to  boil 
at  about  197°,  and  the  oil  which  came  over  between  this  and  225° 
proved  to  consist  chiefly  of  phenyl  butyrate,  and  was  rejected,  the 
rest  came  over  between  225°  and  285°,  the  thermometer  stand- 
ing for  some  time  at  about  280°,  which  is  supposed  to  represent 
the  boiling  point  of  the  oil.  This  is  a  thick  oil,  and  could  not 
be  solidified  by  means  of  a  freezing  mixture.  It  was  saponified 
with  alcoholic  potash,  and  after  the  removal  of  the  alcohol,  dilute 
hydrochloric  acid  added,  when  an  oil  separated ;  the  product  was 
then  boiled  to  .volatilise  butyric  acid ;  on  cooling  the  oily  matter 
solidified  to  a  brown  crystalline  mass,  which  was  extremely  soluble 
in  alcohol,  but  not  easily  so  in  light  petroleum  ;  it  was  therefore 
first  crystallised  from  this  solvent,  when  it  was  obtained  in  brownish 
crystals,  and  then  from  carbon  bisulphide  in  which  it  is  moderately 
soluble  when  hot,  but  nearly  insoluble  when  cold.  A  black  product, 
however,  came  down  at  the  same  time,  but  this  was  separated  by 
recrystallising  from  petroleum  of  low  boiling  point  (75 — 100°),  of 
which  a  considerable  quantity  was  required  ;  it  was  then  obtained  in 
white,  pearly  plates,  melting  at  91°. 

This  substance  gave  the  following  numbers  on  analysis  : — 

0-1939   gram   of   substance  gave  0'5216   gram  of  CO2  and  0-1316 

gram  of  OHj. 

Theory  for 
CioH'ioO.  Found. 

Carbon  7317  73-36 

Hydrogen 7-31  7-54 

This  substance  is  therefore  isomeric  with  phenyl  butyrate,  but  as  it 
behaves  as  a  phenol  no  doubt  it  is  butyrylphenol,  C4H70"C,;H4-OH. 
It  dissolves  freely  in  alkalis  and  in  ammonia,  it  is  also  soluble  to  a 
small  extent  in  boiling  water,  from  which  it  is  deposited  in  slender 
needles  on  cooling. 

There  can  be  but  little  doubt  that  the  propionyl-  and  butyryl-phenols 
described  above  are  para- derivatives.  An  experiment  was  made  in 
reference  to  this  point  with  propionylphenol ;  this  was  converted  into 
its  methyl-derivative  by  treating  its  potassium  compound  with  methyl 
iodide,  and  the  product  was  then  oxidised  with  chromic  mixture  ; 
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during  the  oxidation  the  odour  of  anisic  aldehyde  was  very  perceptible, 
but  no  anisic  acid  was  obtained;  it  is  quite  likely,  however,  that  the 
oxidation  was  carried  too  far  as  the  amount  of  product  at  my  disposal 
was  very  small. 

The  formation  of  these  phenols  is  rather  remarkable,  as  the  tem- 
perature at  which  the  acid  chlorides  acted  on  the  phenol  was  low, 
unless  it  occurred  afterwards,  when  heating  the  product  to  its  boiling- 
point.  I  have,  however,  made  several  experiments  in  this  direction, 
such  as  boiling  the  phenylic  ethers  either  alone  or  in  presence  of 
hydrochloric  acid  for  a  long  time,  or  by  heating  the  acid  chloride  in  a 
sealed  tube,  but  the  results  have  been  negative. 

Thei'e  are  two  Avays  in  which  they  may  be  formed.  First,  the  acid 
radicle  in  the  phenylic  ether  may  pass  over  into  the  phenyl,  or  they 
may  result  from  the  action  of  the  acid  chlorides  on  the  phenylic  ether. 
This,  however,  is  not  settled,  and  owing  to  other  work  I  have  not 
given  so  much  attention  to  the  subject  as  I  could  wish. 

It  is  rather  remarkable  that  in  the  formation  of  phenyl  acetate  no 
high  boiling  products  are  obtained.  A  mixture  of  phenyl  acetate, 
acetic  chloride,  and  a  little  chloride  of  zinc  heated  in  a  sealed  tube 
yields  a  dark-brown  tar,  containing  a  colouring  matter  dissolving  in 
alkalis  with  a  red  colour,  probably  phenacetein.  Acetylphenol,  how- 
ever, has  been  prepared  by  Klingel  (Ber.,  18,  2691),  from  amidoaceto- 
phenone  by  thediazo-reaction.  In  the  preparation  of  phenyl  cenanthate, 
high  boiling,  secondary  products  were  obtained,  but  not  examined. 


LII. —  Observations  on  the  Melting  Points  of  some  Salicylic  and  Anisic 

Compomids. 

By  W.  H.  Peek-in,  Ph.D.,  F.R.S. 

Ix  1867  (Chem.  Soc.  J.,  20,  418),  I  brought  before  the  Society  an 
account  of  some  new  derivatives  of  salicyl  aldehyde,  and  amongst 
other  compounds  described  the  methyl-  and  ethyl-derivatives  of  this 
substance.  These  were  described  as  nearly  colourless  oils,  which  did 
not  solidify  when  cooled  by  ice  and  salt.  Since  then  methyl  salicyl 
aHehyde  has  been  re-examined  by  Yoswinckel  (Ber.,  15,  2024),  who 
says  that  if  every  trace  of  salicyl  aldehyde  be  removed  from  it,  it  is 
obtained  in  prisms  melting  at  35°. 

Wishing  to  measure  the  magnetic  rotation  of  methyl   salicyl  alde- 
hyde, some   quantity    of  it  was    prepared,  the    process   used   being 
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practically  tliat  desci'ibed  in  my  paper  already  referred  to,  whicli 
consists  in  heating  the  sodium  compound  of  salicyl  aldehyde  with 
methyl  iodide  and  alcohol ;  the  temperature  used  was  that  of  the 
water-bath,  instead  of  135 — 140°  as  originally  given,  the  lower  tem- 
perature being  sufficient  as  shown  by  Voswinckel.  The  product  was 
■diluted  with  water,  the  oil  taken  up  with  ether,  washed  with  potash 
to  remove  any  salicyl  aldehyde,  and  the  ethereal  solution  then  dried 
with  potassium  carbonate  and  distilled.  After  the  ether  had  been 
driven  over,  the  oil  boiled  at  243"4 — 245"4  (corr.).  This  corresponds 
pretty  closely  to  the  uncorrected  boiling  point  given  in  the  previous 
paper  if  the  correction  for  stem  in  the  air  be  added,  as  it  then  becomes 
about  242-8". 

On  cooling  this  methyl  salicyl  aldehyde  by  ice  and  hydrochloric 
acid,  it  did  not  solidify  until  the  sides  of  the  vessel  containing  it  were 
well  rubbed  with  a  glass  rod,  it  then  crystallised  to  a  hard  mass  ;  on 
removing  it  from  the  freezing  mixture,  however,  it  soon  became  fluid 
again,  and  on  examining  the  melting  point  by  a  thermometer  immersed 
in  the  product  it  was  found  to  be  from  2" 7°  to  3°.  A  specimen  of 
the  product  made  in  1867  was  next  experimented  with  in  the  same 
manner,  and  it  behaved  in  the  same  way.  From  these  results  I  was 
inclined  to  think  that  the  melting  point  given  in  Voswinckel's  paper 
was  a  misprint,  and  should  be  3"5  instead  of  35°.  Not  being  satisfied, 
the  methyl  salicyl  aldehyde  was  steam-distilled,  dissolved  in  ether, 
treated  with  potash,  and  the  ethereal  solution  dried  with  potassium 
carbonate.  A  small  quantity  of  this  solution  when  evaporated 
deposited  prismatic  crystals  of  the  aldehyde,  and  these  had  a  much 
higher  melting  point ;  the  ethereal  solution  was  then  distilled,  and  the 
methyl  salicyl  aldehyde  came  over  as  a  colourless  oil  boiling  at 
243 — 244°  (corr.)  at  the  normal  pressure,  and  at  199°  (corr. ;  constant), 
at  250°  mm.  On  touching  this  oil  with  a  crystal  obtained  by  evaporat- 
ing the  ethereal  solution,  it  quickly  solidified,  and  the  crystals  melted 
at  35 — 36°,  and  thus  the  observation  of  Voswinckel  was  confirmed.  On 
touching  the  product  prepared  in  1867  with  a  crystal  of  this  substance, 
it  also  solidified  and  then  melted  at  about  35°,  and  it  was  found  that  it 
was  not  the  difference  of  purity  which  caused  this  great  variation  in 
melting  point,  but  that  it  was  due  to  the  substance  being  dimorphous 
and  the  two  modifications  having  distinct  fusing  points,  as  the  follow- 
ing observations  made  with  the  pui-ified  specimen  showed. 

The  crystallised  product  was  melted  so  that  not  a  trace  of  crystals 
was  left,  the  resulting  oil  was  then  allowed  to  cool  and  afterwards 
further  cooled  with  ice  and  salt.  At  first  it  remained  fluid,  bat  on 
rubbing  the  sides  of  the  vessel  containing  it,  it  soon  solidified  to  a 
beautiful,  white,  radiating  crystalline  mass  ;  this,  when  removed  from 
the  freezing  mixture  and  placed  in  water  of  a  temperature  of  15°  very 
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soon  entirely  melted  ahd  appeared  as  a  clear  oil,  but  on  introducing'  a 
minute  crystal  of  a  specimen  melting  at  35°,  it  rapidly  solidified  with 
evolution  of  heat  to  a  mass  of  jirismatic  crystals  having  the  melting 
point  of  35°. 

There  are  but  few  dimorphous  substances  in  which  the  differences 
of  the  naelting  points  of  their  stable  and  unstable  modifications  vary 
so  greatly  as  in  the  case  of  methyl  salicyl  aldehyde.  This  will  be 
seen  from  the  following  table  : — 


Unstable. 

Stable. 

Diff. 

Nitrotetrabromobenzene. . 
Chloromalejc  anhydride . . 

Methyl  salicyl  aldehyde . . 

60° 
about  0 

3 
26 
23 

51 

106 

3G-5 

55 

96° 
34-5° 

35-5 

49 
44 

65 

118 

39 

59 

36° 

34 -5"  "j 

32-5   J 

23° 

21 

14 

12 

3-5° 

3 

V.  V.  Eichter,  Ber.,  8, 1427. 

Pcrkin,  Chem.  Soc.  J.,  53, 
705. 

Zineke,  Annalen,  159,  377. 

Metachloronitrobenzene . . 

Dibromopropionic  acid . . . 

Isohydrobenzoin  diacetate 

Jsitrometachloronitroben- 

zene. 
Tolyl  phenyl  ketone 

Laubenheimer,     Ber.,     9, 

766. 
Linnemann  and  Penl,  Ber., 

8,  1099. 
Forst  and  Zineke,  JaJtresh., 

1874,  518. 
Laubenheimer,      Ber.,     9, 

760. 
Zineke,  Jahresb.,  1876,  2, 

Ethyl  salicyl  aldehyde  can  be  made  to  crystallise  in  the  same  way  as 
the  methyl-derivative,  but  as  yet  only  one  kind  of  crj-stals  has  been 
obtained,  and  these  fuse  at  about  6^ — 7°. 

Anisic  Aldehyde. — This  was  prepared  from  the  bisulphite  compound, 
it  boiled  at  248=  (corr.),  and  at  199—199-5°  at  210  mm. ;  when  cooled 
witli  ice  and  salt,  it  solidified  to  a  crj-stalline  mass.  A  thermometer 
placed  in  the  product  when  melting  showed  a  constant  temperature 
of  — 0'02°.  It  is  thus  seen  that  anisic  aldehyde,  although  a  para- 
compound,  melts  at  even  a  lower  temperature  than  that  of  the 
unstable  crystals  of  its  orthoisomeride,  methyl  salicyl  aldehyde. 

Anisate  of  Ethyl. — This  boiled  at  269 — 270°  (corr.),  and  when  cooled 
in  a  freezing  mixture  solidified,  the  crystalline  mass  melting  at  7°. 
Its  isomeride,  methyl  salicylate  of  ethyl,  boils  at  261'5°  (corr.),  and 
could  not  be  made  to  crystallise  by  cooling,  these  two  ethers  there- 
fore behave  like  most  para-  and  ortho-compounds,  the  para  easily 
crystallising,  the  ortho  being  liquid  or  of  lower  melting  point. 
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LIII. — On  Scliutzenhergers  Process  for  tlie  'Estiviation  of  Dissolved 
Oxygen  in  Water. 

By  Sir  Henry  E.  Roscoe,  F.R.S.,  D.C.L.,  LL.D.,  and  Joseph  Ltjnt, 
B.Sc,  Associate  of  the  Owens  College. 

The  increased  use  of  Schiitzenberger's  method  as  a  means  of  deter- 
mining the  amount  of  dissolved  oxygen  in  water,  has  led  us  to  make 
a  careful  critical  examination  as  to  its  reliability. 

The  method  has  been  examined  recently  by  Dupre,*  and  by 
Ramsay  and  Williams  (Chem.  Soc.  J.,  Trans.,  1886,  49,  751),  whose 
papers  may  be  referred  to  for  a  description  of  the  process. 

Results  not  concordant  with  the  same  Water. — In  the  first  place, 
15  careful  experiments  made  with  London  tap  water,  with  improved 
apparatus,  showed  that  with  every  care  the  oxygen  values  found  for 
the  same  sample  varied  between  4"55  and  6'50,  the  mean  being  5"57, 
or  a  difference  of  85  per  cent,  on  the  mean  value. 

The  object  of  the  present  communication  is  to  indicate  the  cause 
and  the  means  adopted  to  eliminate  the  source  of  error  attachiug  to 
these  observations. 

High  Results  tvhen  the  Titration  is  performed  quickly. — An  indi- 
cation of  the  nature  of  the  disturbing  influence  is  obtained  by  varying 
the  conditions  under  which  the  experiment  is  made. 

Thus,  if  instead  of  adding  the  hyposulphite  solution  drop  by  drop 
as  in  the  above-mentioned  experiments,  it  be  added  quickly  and 
nearly  the  maximum  qiiantity  at  once,  mixing  the  liquids  thoroughly, 
and  finishing  the  titration  drop  by  drop,  a  much  higher  result  is 
obtained  than  when  the  addition  is  made  slowly. 

The  results  of  four  series  of  estimations  by  the  slow  and  quick 
methods  alternately,  gave  the  following  hyposulphite  values : — 


Slow. 

Quick. 

Slow. 

Quick. 

5-30  c.c. 

7-05  c.c. 

5-50  c.c. 

7-45  c.c. 

4-60 

7-55 

5-65 

7-15 

6-25 

6-90 

5-35 

6-60 

5-75 

7-15 

5-65 

7'05 

5-80 

7-25 

5-80 

7-00 

5"34  c.c. 

7-18  c.c. 

5'59  c.c. 

7-05  c.c. 

Means. . 

*  The  Analyst,  1885,  10,  156,  or  Sutton's  Vohmetric  Analysis.     5th  Edition. 
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This  indicates  a  di-ffercnce  of  47  pcv  cent,  on  the  mean  of  the  20 
estimations. 

Low Itesult  when  the  Water  hasheen  exposed  to  IIijdro(jen. — The  cause 
of  these  anomalous  results  was  indicated  by  an  experiment  in  which 
the  water  to  be  analysed,  contained  in  a  Winchester  quart  bottle, 
was  allowed  to  stand  in  an  atmosphere  of  hydrogen  overnight,  esti- 
mations being"  made  before  and  after  such  exposure.  The  results 
obtained  show,  thatAvhilst  the  volume  of  hyposulphite  solution  needed 
in  the  evening  was  6"32  c.c,  a  mean  of  10  experiments  varying 
between  5"65  and  6'80,  the  amount  required  by  the  same  volume  of 
water  after  standing  overnight  in  hydrogen  was  only  -I'lS  c.c,  a 
mean  of  four  experiments  vaiying  between  3"8  and  4"5. 

Diffusion  the  disturbing  Influence. — The  conclusion  was,  that  when 
aerated  water  is  introduced  into  an  atmosphere  of  pure  hydrogen,  it 
immediately  begins  to  lose  oxygen  by  diffusion  into  the  hydrogen 
until  an  equilibrium  is  established,  a  fact  hitherto  overlooked  by  the 
experimenters  with  this  process. 

Explanation  of  the  previous  Experiments. — This  explains  the 
previous  observations,  viz.,  that  the  highest  results  are  obtained  when 
the  hyposulphite  is  added  quickly  and  immediately  after  the  intro- 
duction of  the  water  into  an  atmosphere  of  hydrogen,  because  the 
oxygen  is  estimated  and  combined  before  it  has  had  time  to  diffuse  to 
any  great  extent,  the  slight  difference  in  the  time  of  exposure 
between  a  quick  and  a  slow  titration  being  quite  sufficient  to  give  a 
marked  loss  of  oxygen  by  diffusion  during  the  slower  addition  of 
hyposulphite.  The  variation  in  the  results  of  the  apijarently  identical 
experiments  first  given,  being  explained  by  the  slightly  longer  or 
shorter  time  taken  over  each  titration,  and  the  consequent  greater  or 
less  facility  for  diffusion. 

Results  less  in  proportion  to  the  amount  of  exposure  to  Hydrogen. — 
This  conclusion,  that  diffusion  is  the  disturbing  influence,  is  boi'ne 
out  by  further  experiments  easily  suggested  by  the  preceding. 

Six  series  of  estimations  were  carried  out  on  the  same  sample  of 
water,  and  in  each  succeeding  one  a  slightly  longer  time  of  exposure 
to  hydrogen  was  given.  The  figures  represent  the  volumes  in  c.c.  of 
hyposiilphite  required  for  one  measure  of  water. 
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Mean  of  3 

experiments. 

Series      I.     Titrated  immediately  and  quickly,  6  c.c. 

of  hyposulphite  being  added  at  once, 

the  rest  carefully  drop  by  drop 7 "56 

„  II.  Titrated  immediately,  but  drop  by  drop  618 
„       III.     Titrated  drop  by  drop,  after  standing  30 

seconds  in  the  hydrogen 3' 72 

„       IV.     Titrated   as  before  after  standing  in    a 

moderate  current  of  hydrogen  1  minute  2-55 

,,         Y.     As  in  IV,  but  2  minutes'  exposure  ....  1'45 

,,       VI.     As  in  IV,  but  5  minutes'  exposure  ....  0'53 

It  is  thus  obvious  that  the  result  of  an  oxygen  estimation  by  the 
present  method,  depends  on  the  degree  of  exposure  to  hydrogen 
during  titration. 

Conditions  infJ nencing  the  Amount  of  Diffusion. — The  rapidity  and 
amount  of  the  diffusion  of  dissolved  oxygen  depend  on  (1)  the  surface 
area  of  water  exposed  to  hydrogen,  influenced  by  the  size  and  shape  of 
the  vessel  and  the  degree  of  agitation  during  titration.  (2)  The  volume 
of  the  atmosphere  of  hydrogen.  (3)  The  time  of  exposure,  up  to  the 
point  of  equilibrium  (under  the  Law  of  Partial  Pressures).  (4)  The 
volume  of  water. 

Efect  of  Size  and  Sha^e  of  Vessel. — If  this  be  the  true  explanation 
of  the  observed  differences,  it  is  clear,  that  if  the  water  be  exposed  in 
a  shallow  layer  to  a  large  volume  of  hydrogen  as  in  Schiitzenberger's 
and  Dupre's  apparatus,  diffusion  will  take  place  more  quickly  than 
if  the  water  be  titrated  in  a  small  vessel  having  a  limited  surface 
exposure  of  the  liquid.  A  series  of  estimations  titrated  quickly  in  a 
small  bottle  (200  c.c.  capacity)  gave  13 "56,  whilst  with  the  same 
sample  of  water  titrated  quickly  in  a  large  flask,  using  the  same 
hyposulphite,  the  result  was  only  9'95,  both  numbers  being  the  mean 
of  five  estimations. 

But  even  in  the  sniall  bottle  a  considerable  amount  of  diffusion  had 
taken  place,  for  by  modifying  the  method  of  procedure*  so  as  to 
prevent  diffusion,  the  same  water  gave  16'6  as  compared  with  13"5(> 
and  9-96. 

The  following  numbers  give  the  results  of  this  series  of  observa- 
tions extended  by  varying  the  time  of  exposure  in  the  large 
vessel. 


*  See  description  of  Xcw  Method,  page  562. 
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Series 


I 


II. 


Small  vessel. 


III. 


IV. 


V. 


VI. 


Large  vessel. 


Quieklv.           Quicklv. 

1 

1  mill. 

3  mills. 

16-7 
lfi-5 

13  -50                10 -20 
13  -70       j           9  90 
13  -60       !           9  -90 
13-50       !           9-90 
13  -50       1           9  -85 

4-20 
3-95 
4-45 
4-20 
4-40 

3-10                  ~ 
2  -90                 2  -7 
3-00                 — 
3-10         !         2-7 
3-00                  — 

16-6 

13-56                  9-95 

4-24 

3  -02                  2  -7 

In  each  case,  50  c.c.  of  water  and  10  c.c.  of  indigo-carmine   wei'e 
used. 

Series      I.  Maximum  result  when  diffusion  is  eliminated. 
,,         II.  Titrated  quickly  in  small  bottle. 
.,       III.  Titrated  quickly  in  large  flask. 
,,        IV.  Titrated    after    gentle    agitation    in    large    flask    for 

1  minute. 
,,  V.   Titrated    after    gentle    agitation    in    large    flask    for 

3  minutes. 
,,        VI.  Minimum    readings*    when    the    diffused    oxygen   is 

driven  out  by  a  current  of  hydrogen. 

These  estimations  were   repeated  the   next  day   with    a   new   and 
slightly  stronger  hyposulphite  solution,  with  the  following  results  : — 


I. 

II. 

III. 

IV. 

V. 

VI. 

Small 

vessel. 

Large 

vessel. 

Qaicklj. 

Quickly. 

1  mill. 

5  mins. 

13-0 
13  0 

10-5 
11-0 

7-4 
7-1 

3-5 
3-9 

2-0 
2-0 

1-9 

1-9 

Means. . .  . 

13-0 

10-75 

7-25 

3-7 

2-0 

1-9 

The  2-7  c.c.  merely  repieseuts  the  combined  oxygen  in  tlie  blue  indigo -carmine. 

2  Q  2 
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Percentage  of  Oxygen  diffused  under  various  conditions. — It  is  now 
easy  to  calculate  the  percentage  of  oxygen  thus  lost  by  diffusion.  In 
the  first  place,  it  is  necessary  to  subtract  from  the  readings  the 
volume  of  hyposulphite  required  for  the  decolorisation  of  the  indigo- 
carmine  used. 

The  following  numbers  show  that  the  percentages  of  oxygen  lost 
agree  very  closely  in  the  two  series  : — 

First  Series.     Diffusible  Oxygen  166  —  27  =  I3'9. 

I.        II.       III.         lY.  T. 

Oxygen  diffused  —  0     3-04     6-65     12-36     13-58  c.c.  Hyposulphite. 

Percentage 0      22       48         89  97    p.c.  of  total  oxygen. 

Second  Series.     Diffusible  Oxygen  13-0  —  1-9  =  ll"!. 

I.       II.         III.       IV.       V. 
Oxygen  diffused  =  0     2-25     5-75     93     11-0  c.c.  Hyposulphite. 

Percentage......      0      20        52       84       99   p.c.  of  total  oxygen. 

Thus  we  see,  that  under  favoiirable  circumstances,  that  is,  using 
a  small  vessel  and  titrating  quickly  with  least  agitation,  20  per  cent, 
of  the  oxygen  diffuses,  whilst  in  a  large  vessel  such  as  is  recom- 
mended to  be  used,  50  per  cent,  of  the  oxygen  is  lost  during  the  titra- 
tion. The  delay  of  only  one  minute  causing  the  loss  of  90  per  cent., 
whilst  in  three  minutes  practically  all  the  oxygen  has  left  the  liquid. 

Theoretical  Confirmation  of  amotint  diffusible. — This  result,  viz.,  that 
it  is  possible  to  lose  practically  all  the  oxygen  by  diffusion  is  con- 
firmed by  the  following  theoretical  consideration. 

Supposing  the  50  c.c.  of  water  and  10  c.c.  of  indigo-carmine  solu- 
tion to  be  fully  aerated,  and  that  on  introduction  into  the  atmosphere 
of  hydrogen,  say  1  litre  in  volume,  all  the  oxygen  diffuses  into  the 
gas.  Then  under  the  law  of  Dalton  and  Henry,  the  amount  of  oxygen 
which  could  be  redissolvcd  by  the  60  c.c.  of  water  is  calculated  as 
follOAVS  : — 

1000  c.c.  of  fully  aei-ated  water  contains  (say)  7  c.c.  of  oxygen,  that 
is,  after  contact  wdth  an  atmosphere  containing  20  per  cent,  of  oxygen  : 
60  c.c.  therefore  will  contain  0-42  c.c.  of  oxygen.  042  c.c.  oxygen  in 
1000  c.c.  of  hydrogen  =  0*042  per  cent,  of  oxygen  in  the  hydrogen. 
60  c.c.  of  water  dissolve  0-42  c.c.  oxygen  in  a  20  per  cent,  atmosphere. 
What  volume  will  be  dissolved  in  a  0042  per  cent,  atmosphere  ? 

0-042  X  0-42      ^^  .^^_  , 

=  O'OOOb  c.c.  01  oxygen,  or 

0-0008  X  100      ^  ..  ^     „^,         .   .     , 
rvZ9 =0-19  per  cent,  or  the  origmal  gas. 
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And  this  is  the  quantity  wliich  woixld  remain  dissolved  in  60  c.c.  of 
fully  aerated  -water,  after  exposure  in  1  litre  of  hydi'ogeu  until  perfect 
absorptiometric  equilibrium  was  established  by  diffusion.  In  other 
words,  the  possible  loss  by  diffusion  under  the  above  conditions  is 
99-8  per  cent. 

Even  using  a  quarter  of  a  litre  of  water,  a  loss  of  99  per  cent,  is 
still  possible,  in  the  usual  apparatus. 

Reason  for  the  return  of  the  blue  colour. — We  are  now  in  a  position 
to  understand  an  observation  which  the  previous  experimenters  have 
not  failed  to  note,  but  which  until  now  has  not  received  a  correct 
explanation.  The  observation  referred  to  is,  that  in  carrying  out  the 
oxygen  estimation  in  the  usual  manner,  the  blue  colour  after  having 
once  been  desti'oyed  b}'  the  hyposulphite  almost  immediately  returns, 
and  if  this  stibsequent  coloration  be  destroyed,  the  colour  will  again 
return,  and  so  on  for  a  long  time.  The  blue  colour  returns  even  when 
the  hydrogen  used  is  perfectly  freed  from  all  traces  of  oxygen  by 
passing  through  the  two  long  tubes  filled  with  beads  moistened  with 
the  alkaline  sokition  of  potassium  pyrogallate  used  in  all  our  experi- 
ments. 

This  observation  is  at  once  an  indication  and  a  proof  of  the  correct- 
ness of  our  explanation.  The  previous  experiments  would  lead  us  to 
anticipate  that  the  blue  colour  tvould  return,  when  we  remember  the 
great  delicacy  of  the  reagent  for  gaseous  oxygen  which  we  possess  in 
the  reduced  yellow  liquid,  a  mere  trace  of  oxygen  being  sufficient  to 
cause  the  change  from  yellow  to  blue. 

In  the  ordinary  process,  the  water  to  be  examined  is  introduced 
into  a  large  Woullf's  bottle  containing  a  little  reduced  indigo-carmine, 
which  is  quite  insufficient  to  combine  with  all  the  dissolved  oxygon 
in  the  water  added.  We  may  divide  this  dissolved  oxygen  into  three 
portions  in  an  ordinary  estimation  :  (1)  a  portion  oxidises  the  reduced 
indigo,  and  produces  the  blue  colour ;  (2)  part  remains  dissolved,  and 
combines  with  the  hyposulphite  during  the  titration  ;  (3)  the  rest 
diffuses  into  the  hydrogen.  When  sufficient  hyposulphite  has  been 
added  to  produce  the  first  yellow,  the  diffused  oxygen  begins  to  be 
reabsorbed  by  the  yellow  reduced  liquid,  with  formation  of  the  blue 
compound. 

That  there  is  nothing  in  the  reaction  between  the  hyposulphite  and 
indigo-carmine  to  cause  the  return  of  the  blue  colour  can  easily  be 
shown. 

Ko  return  of  the  blue  colo'ur  when  free  Oxygen  is  absent. — If  the 
liquid  containing  indigo-carmine  and  also  the  atmosphere  above  it  are 
perfectly  fi-ee  from  uncombined  oxygen,  and  hyposulphite  be  added 
until  the  blue  is  turned  yellow,  no  return  of  the  blue  colour  takes 
place.     The  experiments  showing  this  were  performed  in  the  apparatus 
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shown  in  Fig.  1,  p.  561,  with  50  c.c.  of  liquid  containing  various  pro- 
portions of  indigo-carmine.  The  water  was  coloured  blue,  submitted 
to  a  current  of  pure  hydrogen  for  10  rainutes  in  each  case,  and  then 
carefully  titrated  ;  the  following  ai'e  the  i-esults  : — 


Aerated* 
water. 

Indigo- 
cannine. 

Total. 

Hyposulphite 
required. 

c.c. 

c.c. 

c.c. 

c.c. 

0 

50 

50 

11-6 

25 

25 

50 

5-8    [i  of  11-6] 

40 

10 

50 

2-35  [i  of  11-6] 

45 

5 

50 

1-30  [^0-  of  11-6] 

(1.)  The  hyposulphite  required  was  proportional  to  the  amount  of 
colouring  matter,  within  experimental  error.  (2.)  In  no  case  was 
any  blue  colour  developed,  or  did  any  change  take  place  in  the 
appearance  of  the  yellow,  although  the  current  of  hydrogen  was  in 
each  case  continued  for  15  minutes  after  the  yellow  colour  was 
produced.  In  the  new  method  (p.  562)  of  carrying  out  the  estimation, 
in  which  diffusion  is  entirely  prevented,  the  final  yellow  liquid  has  often 
been  kept  for  an  hour  in  a  slow  current  of  hydrogen  without  the  least 
change  of  colour  towards  blue. 

Proof  of  the  Diffusion  of  dissolved  Oxygen  into  Hydrogen. — A  positive 
proof  that  when  pure  hydrogen  comes  in  contact  with  aerated  water 
it  is  contaminated  with  oxygen,  has  been  obtained  as  follows  : — 

A  large  flask  was  filled  with  a  fairly  strong  indigo-carmine  solution 
which  was  decolorised  carefully  with  hyposulphite.  Matters  were  so 
arranged  that  pure  hydrogen,  freed  from  all  traces  of  oxygen  as 
before  stated,  could  be  passed  through  aerated  water,  and  thence  into 
the  large  flask,  diiving  out  the  sensitive  yellow  liquid  through  a  tube 
passing  to  the  bottom  of  the  flask.  In  this  way  the  hydrogen  con- 
taminated with  oxygen  is  impri.soned  above  a  solution  which  will 
indicate  the  presence  of  oxygen  by  the  formation  of  a  blue  colour. 
This  blue  colour  loas  observed  at  the  surface  of  the  liquid,  and  aftei- 
a  few  minutes  it  became  very  intense  and  unmistakable.  Hence  the 
return  of  the  blue  colour  is  proved  to  be  due  to  the  supernatant  gas 
and  not  to  any  reaction  taking  place  w^ithin  the  liquid  as  was  supposed 
by  Schiltzenberger  and  by  Dupre. 

Influeuce  of  the  amount  of  Indigo-carmine  used. — These  experiments 
explain  a  singular  observation  made  by  Schiltzenberger,  namely,  that 
by  using  a  small  amount  of  indigo-carmine  only  half  the  dissolved 
oxygen  is  estimated,  when  the  first  decolorisation  of  the  solution  is 
effected ;  whilst  when  a  much    larger   quantity  of  indigo-carmine  is 

*  The  dissolved  oxygen  contained  in  this  Tvater  was  entirely  lost  by  diifusion 
before  the  liqiud  was  titrated. 
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employed,  the  ivhole  of  the  dissolved  oxygen  is  I'ouiul.  The  explana- 
liou  given  by  him  being,  that  the  reaction  between  reduced  indigo 
and  dissolved  oxygen  is  a  different  one  from  that  taking  place  between 
hyposulphite  and  dissolved  oxygen,  inasmuch  as  in  the  latter  reac- 
tion, half  the  oxygen  becomes  latent  as  hydroxyl,  with  subsequent 
slow  liberation  of  oxygen,  whilst  in  the  former  no  hydroxyl  is  formed. 

His  observation,  however,  will  bear  another  interpretation,  namely, 
if  more  reduced  indigo  be  present  than  is  sufficient  to  combine  with 
all  the  dissolved  oxj-gen  contained  in  the  added  water,  this  oxygen  is 
immediately  combined  by  the  reduced  indigo  and  its  diffusion 
prevented.  Hence  all  the  oxygen  is  obtained.  The  use  of  so  large 
a.  quantity  of  indigo,  however,  so  disturbs  the  end-reaction,  from  the 
presence  of  so  much  of  the  yellow  compound,  that  "  it  is  difficult  to 
fix  the  point  at  which  the  last  trace  of  blue  has  been  discharged  with 
any  degree  of  accuracy."* 

Scliutzenhercjer  s  Ratio  1  :  1. — We  will  now  consider  a  question  on 
which  different  experimenters  make  conflicting  statements,  namely, 
the  ratio  between  the  first  volume  of  hyposulphite  required  to  give 
the  decolorisation,  and  the  second  volume  required  to  give  a  perma- 
nent yelloAv  colour,  after  all  the  subsequent  returns  of  colour  have 
been  destroyed.  Schiitzenbergerf  came  to  the  conclusion  that  for  the 
first  decolorisation,  "as  nearly  as  possible  "  half  the  total  volume  of 
hyposulphite  is  required,  and  this  was  afterwards  confirmed  by 
Dupre. 

Ramsay  and  Williams''  Ratio  3  ;  2. — Ramsay  and  Williams  (Trans., 
1886,  49,  751),  however,  did  not  obtain  this  ratio,  but  gave 
another,  namely,  3  :  '1.  But  they  found  a  difiiculty  in  obtaining  this 
ratio  in  all  their  experiments,  and  only  gave  it  as  a  mean  expression 
of  the  varying  ratios  they  found.  Indeed  they  add,  in  speaking  of 
this  partition  of  oxygen  into  two  stages  of  the  process  :  "'  but  it  is 
difficult  to  devise  an  equation  which  will,  in  a  rational  manner, 
account  for  this  partition  of  oxygen." 

Schiitzenberger's  ratio  1  :  1  is  exactly  what  we  findj  when  work- 
ing according  to  the  conditions  of  his  experiments,  namely,  using  a 
large  vessel  and  a  small  amount  of  indigo.  Ramsay  and  Williams' 
ratio  (3  :  2)  can  easily  be  explained  by  the  use  in  their  experiments 
of  a  smaller  titration  vessel. 

Infinite  range  of  ratios  possible. — It  is  evident  from  the  following 
considerations  that  this  ratio  is  susceptible  of  an  infinite  range  of 
variation. 


*  Dupre,  loc.  cit. 

t  Fermentation,  by  P.  Schutzenberger. 

J  See  III,  percentages  of  oxygen  diffused  under  varioiis  conditions,  p.  556. 
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If  we  ask,  in  the  light  of  the  preceding  experiments,  on  what 
does  this  ratio  depend  ?  we  see  that  the  first  reading  depends  on 
(I)  the  amount  of  indigo-carmine  solution,  (2)  the  amount  of  dis- 
solved oxygen.  If  we  always  subtract  the  volume  of  hyposulphite 
required  for  the  oxygen  in  the  indigo-carmine,  the  rest,  "  a;,"  repre- 
sents the  dissolved  oxygen.  The  second  reading,  "  ^,"  repi-esents 
the  diffused  oxygen  (assuming  that  none  is  contained  in  the  hydrogen 
used,  that  atmospheric  air  is  perfectly  excluded,  and  that  none  of 
the  diffused  oxygen  is  carried  away  by  a  current  of  hydrogen). 

The  sam  of  x  and  y  should,  theoretically,  give   a  constant  result 
"c,"  namely,  the  total  oxygen  originally  dissolved. 
.  The  ratio  under  consideration  is  x/y  and  x  +  y  =  c. 

We  have  shown  that  x  may  vary  enormously,  and  varies  con- 
siderably in  experiments  of  which  the  duration  varies  but  little. 
Evidently,  since  x  may  fluctuate  and  o;  -\-  y  ^  c,  x/y  cannot  be  con- 
stant or  definite.  It  is,  in  fact,  capable  of  an  infinite  range  of 
variation. 

Thus — where  "perfect  diffusion  had  taken  place — the  ratio  would  be 
infinitely  small,  and  where  no  diffusion  had  occurred  the  ratio  would 
be  infinitely  large. 

In  other  words,  in  the  first  case,  the  first  reading  would  merely 
represent  the  indigo-carmine,  and  the  second  all  the  oxygen.  In  the 
second  case,  the  first  reading  would  represent  both  indigo-carmine 
and  oxygen — no  second  addition  of  hyposulphite  being  required. 

Hence  the  ratio  may  vary  in  this  manner— 

*  t     "*" 

Perfect       First  reading         0      2     4     5     6     8     10     ,.     -..^     . 

j.rp     . ^—      —     _____     —     JNo  diiiusion. 

diffusion     Second  reading     10     8     6     5     4     2      0 

Having  proved  this  source  of  error  in  the  old  method  of  carrying 
out  the  process.,  the  next  step  is  to  devise  a  new  one  in  which  the 
error  is  eliminated. 

The  new  method  must  satisfy  the  following  conditions  : — 

(1;)  The  aerated  water  must  not  at  any  time  expose  its  uncomhined 
oxygen  to  an  atmosphere  of  hydrogen. 

(2.)  Precautions  must  be  taken  to  ensure  the  use  of  an  atmosphere 
perfectly  free  from  oxygen,  and  the  apparatus  used  must  not  permit 
any  ingress  of  air. 

(3.)  When  the  vessel  in  which  the  analysis  is  made  is  first  filled 
with  water  to  expel  aii'  or  to  obtain  the  sensitive  yellow  liquid,  the 
first  portion  of  gas,  having  been  in  contact  with  aerated  water,  is 
contaminated  with  oxygen  and  must  be  entirely  driven  out. 

*  Minus  the  hyposulphite  required  for  the  indigo-cannine. 

t  Schiifezenberger  and  Dupre,  1:1.  J  Ramsay  and  Williams,  3  :  2. 
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Apparatus  adopted. — Fig.  1  sIioavs  the  apparatus  adopted  by  us  for 
carrying-  out  the  estimation. 

Fig.  1. 


It  consists  essentially  (1)  of  an  apparatus  for  the  continuovis  gene- 
ration and  purification  of  hydrogen,  by  the  action  of  dilute  sulphuric 
acid  on  zinc;  (2)  a  200  c.c.  wide-mouthed  bottle  fitted  with  three 
burettes  with  glass  taps,  inlet  and  outlet  tubes  for  a  current  of 
hydrogen,  and  an  outlet  tube  for  the  titi-ated  liquid ;  (3)  Winchester 
stock-bottles  of  hyposulphite,  indigo  (not  shown),  and  water,  com- 
municating with  their  respective  burettes  by  glass  syphons.     ' 


562  ROaCOE   AND   LUXT  :    SCHUTZENBERGER'S  PROCESS 

The  hydrogen  generated  in  A  passes  through  two  wash-bottles 
containing  caustic  potash,  thence  through  two  Emmerling's  tubes 
filled  with  glass  beads  moistened  with  an  alkaline  solution  of  potas- 
sium pyrogallate,  an  arrangement  being  made  whereby  the  beads  may 
be  re-moistened  with  fresh  pyrogallate  from  the  bottles  beneath,  the 
liquid  being  forced  up  by  hydrogen  pressure. 

Pure  hydrogen  is  supplied  continuously  (1)  to  the  stock-bottle  of 
hyposulphite,  (2)  to  the  hyposulphite  burette,  and  (3)  to  the 
titration  bottle. 

The  New  Method. — A  sample  of  wafer  is  examined  as  follows  : — 

(1.)  20  c.c.  of  the  water  is  introduced  into  the  small  bottle  and 
about  3  c.c.  of  indigo  solution  added. 

(2.)  A  moderate  current  of  hydrogen  is  passed  through  the  blue 
liquid  by  a  very  fine  jet  for  three  minutes  to  free  both  water  and 
supernatant  gas  from  free  oxygen. 

(3.)  Hyposulphite  is  now  carefully  added,  during  the  flow  of 
hydrogen,  until  the  cliange  from  blue  to  yellow  occurs,  taking  care 
not  to  overstep  this  point. 

(4.)  A  further  measured  quantity  of  hyposulphite  is  now  added 
(say  10  c.c.)  sufficient  to  combine  with  all  the  dissolved  oxygen  in  the 
volume  of  water,  50 — 100  c.c,  proposed  to  be  used  in  the  estimation. 

(5.)  The  important  point  now  is,  that  the  water  is  run  in  from  a 
burette  by  a  capillary  tube  passing  beneath  the  surface  of  the  liquid  to 
the  bottom  of  the  vessel.  Thus  we  introduce  the  water  into  a  liquid 
which  will  at  once  combine  the  free  oxygen  and  thus  prevent  its  diffu- 
sion on  coming  in  contact  with  the  hydi-ogen,  the  reduced  indigo 
acting  as  an  indicator  for  the  complete  oxidation  of  the  hyposulphite. 
The  liquid  is  kept  in  constant  motion  during  the  addition  of  the 
water,  which  is  shut  off  the  moruent  a  permanent  blue  colour  appears. 

(6.)  The  blue  is  decolorised  by  a  further  slight  addition  of  hypo- 
sulphite. The  volume  of  water  used  and  the  total  hyposulphite, 
minus  the  first  addition,  are  noted  and  the  estimation  repeated  for 
confirmation. 

When  the  water  contains  very  little  oxygen  the  second  addition  of 
hyposulphite  may  be  omitted,  the  reduced  indigo-carmine  being 
sufficient  to  take  up  all  the  dissolved  oxygen.  In  this  case,  care  must 
be  taken  that  the  oxygen  added  should  require  not  more  than  half 
the  hyposulphite  first  added  to  decolorise  the  indigo-carmine. 

Standardisation  of  the  Syposidphite.—l'o.  order  to  complete  the 
estimation  it  is  necessary  to  know  the  strength  of  the  hyposiilphite 
solution  employed.  This  has  entailed  a  very  considerable  amount  of 
labour,  inasmuch  as  of  the  two  methods  hitherto  adopted  for  this 
purpose  the  first  was  found  to  be  fundamentally  wrong,  and  the 
second  to  depend  on  erroneous  data. 
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The  first  method  involves  the  use  of  a  standard  solution  of  ammonio- 
eupi'ic  sulphate,  the  second  the  use  of  distilled  water  saturated  with 
air  at  a  known  temperature  and  pressure,  using  Bunsen's  coefficients 
of  absorption  to  obtain  its  oxygen  value. 

Be- determination  of  the  Oxygen-value  of  aerated  distilled  ivater. — 
The  importance  of  the  accuracy  of  the  data  employed  for  the  calcula- 
tion of  the  oxygen  value  of  distilled  water  saturated  with  air,  induced 
us  to  make  independent  estimations  by  boiling  out  the  gases  in  vacuo 
and  subsequently  measuring  the  volume  of  oxygen. 

For  this  purpose  we  devised  and  constructed  the  apparatus  shown 
in  Fig.  2. 

At  the  outset  it  will  easily  be  understood  that  an  essential  in 
apparatus  designed  for  the  boiling  out  of  dissolved  gases  iji  vacuo 
is,  that  there  should  be  no  possibility  of  atmospheric  air  gaining  access 
to  the  vacuous  interior.  India-rubber  joints  freely  exposed  to  air  are 
inadmissible,  because  air  is  capable  of  diffusing  through  even  thick 
india-rubber.  To  secure  freedom  from  such  leakage,  the  apparatus 
was  constructed  "entirely  of  glass,  with  the  exception  of  two  tight 
india-rubber  joints  which  were  between  glass  surfaces  and  water 
luted.     The  glass  taps,  also,  are  all  submerged  in  water. 

It  was  found  necessary  to  place  an  air  trap,  as  shown,  beneath 
C  and  E  to  intercept  air  which  was  found  to  leak  through  the  thick 
india-rubber  tubing  connecting  the  mercury  reservoir  R  with  the 
mercury-pump,  even  though  the  joints  were  securely  wired.  Fig.  3 
sufiiciently  explains  how  the  air  was  intercepted  in  A.    The  apparatus 

Fig.  8. 


is  first  completely  exhausted  of  air  as  follows :  About  200  c.c.  of  dis- 
tilled water  is  pumped  through  the  side  tube  F,  into  the  large  bolt-head. 
The  lamp  beneath  A  is  lit,  and  the  apparatus  exhausted  by  the  air- 
pump,  the  water  meanwhile  boiling  and  aiding  in  the  expulsion  of  the 
air. 
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To  complete  the  exhaustion  the  mercury-pQmp  is  used. 

The  three-way  tap  beneath  B  is  turned  to  communicate  with  the 
mercury  reservoir  R,  mercury  rises  in  B,  and,  by  a  suitable  turn  of 
the  three-way  tap,  is  allowed  to  flow  into  the  [J -tubes,  the  tap  is  closed, 
and  thus  all  communication  with  the  air  is  shut  off. 

The  boiling  is  continued,  the  vapour  carrying  all  the  remaining 
air  into  D  and  E,  whence  it  is  forced  out  through  the  capillary 
barometer  tube  and  trough  T  by  raising  R,  and  suitably  opening  the 
taps  beneath  C  and  E.  On  lowering  R  a  vacuum  is  produced  in  E 
and  D,  and  the  last  traces  of  air  collected  and  driven  out  as  before. 

When  a  few  minutes'  boiling,  producing  a  i-ush  of  vapour  from 
C  to  D,  gives  no  gas  on  condensing  the  contents  of  D  and  E  into 
the  capillary  barometer  tube,  the  exhaustion  is  perfect,  and  the 
apparatus  ready  for  the  introduction  of  the  water  to  be  examined. 

The  Winchester  quart  bottle  filled  with  water  is  placed  so  that  F 
passes  to  the  bottom,  the  tap  is  opened,  and  the  water  rushes  in 
with  an  immediate  escape  of  part  of  the  gases  previously  held  in 
solution.  When  about  2  litres  of  water  have  run  in,  the  tap  is  closed 
and  the  heating  continued ;  the  gas  meanwhile  being  given  off  with 
brisk  effervescence,  finds  its  way  into  the  cold  chamber  E,  whence  it 
is  driven  over  and  collected  in  G,  a  gas  tube  filled  with  mercury. 

After  several  exhaustions  of  E,  the  water  in  A  boils  at  a  low 
temperature,  and  the  vapours  soon  drive  all  the  remaining  gas  forward 
into  the  cool  chamber  D,  where  the  water  condenses  and  the  gas 
passes  forward  into  E  and  is  driven  over  as  before. 

A  little  practice  is  necessary  to  obtain  the  gas  free  from  water,  but 
this  can  be  accomplished  with  a  little  care. 

With  impure  waters,  the  last  portions  of  gas  consist  of  almost  pure 
carbonic  acid,  the  last  traces  of  which  are  only  expelled  on  prolonged 
boiling  in  vacuo.  Hence,  with  distilled  water,  the  exhaustion  is 
perfected  much  more  easily  than  Avith  waters  containing  a  consider- 
able amount  of  carbonic  acid. 

When  the  gases  are  completely  extracted,  it  is  only  necessary  to  fill 
up  the  Winchester  quart  bottle  and  measure  the  volume  of  water 
taken  for  analj'sis — generally  from  1500 — 2000  c.c. — and  to  proceed 
with  the  analysis  of  the  gases. 

The  gas  tube  is  removed  from  the  mercury  trough  T,  by  intro- 
ducing a  large  crucible  beneath  it.  It  is  transferred  to  the  apparatus 
shown  in  Fig.  4,  which  is  a  modification  of  Frankland's  gas  apparatus, 
the  important  point  being  that  the  two  measurements  which  require 
great  accuracy  are  made  in  the  narrow  part  of  the  tube  Gr,  thus 
diminishing  the  experimental  error  of  each  reading,  namely,  (1) 
nitrogen  at  the  upper  part,  the  wider  part  at  the  top  being  made  of 
sufficient  capacity  to  hold  nearly  all  the   nitrogen,  (2)  nitrogen  and 
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Fig.  4. 


^  N 


oxygen  at  tbe  lower  part.  The  carbonic  acid  measurement  is 
made  on  the  lower  aud  wider  part  of  the  gas  tube. 

The  tube  G  joins  the  collecting  tube  by  a  "  sealed "  tap*  aud  a 
ground  conical  joint  fitting  into  a  cap  and  luted  by  mercury. 

The  carbonic  acid  was  absorbed  by  a  20  per  cent,  solution  of 
caustic  potash,  the  gas  being  allowed  to  stand  in  the  absorption- 
tube,  with  its  sides  wet  with  the  reagent,  for  half  an  hour.  The 
oxygen  was  absorbed  by  introducing  pyrogallic  acid  to   the   strong 

*  Cetti's  patent,  avoiding  all  chance  of  leakage. 


FOR   THE   ESTIMATION   OF   DISSOLVED   OXYGEN   IN   WATER.      567 

j)i)tasli  solution — the  absorption  being  allowed  threo-cjuarters  of  an 
houi". 

The  piece  A  slides  along  the  side  of  the  table,  and  by  its  means 
the  gas  can  be  adjusted  to  the  centimetre  marks  on  G  with  the  greatest 
nicety. 

The  pressure,  above  or  below  that  of  the  atmosphere — taken  at 
each  observation — is  read  off  on  the  tube  P  marked  in  millimetres. 
The  thermometer  is  also  read  each  time  a  gas  measurement  is  made, 
and  the  apparatus  allowed  to  gain  the  temperature  of  the  gas-room  by 
standing  untouched  for  a  quarter  of  an  hour  before  each  observation. 
The  readings  are  made  by  a  telescope  at  the  near  end  of  the  table, 
where  the  gas  is  also  adjusted  by  moving  A  backwards  or  forwards. 

Method  of  Aeration. — Before  giving  the  results  of  the  estimations 
made  with  distilled  water  saturated  with  air,  it  is  necessary  to 
describe  the  method  of  aeration. 

Freshly  distilled  water  adjusted  to  the  required  temperature  was 
aerated  by  vigorous  agitation  in  two  Winchester  quart  bottles  half 
full  of  water,  the  air  being  renewed  five  or  six  times  by  emptying 
the  contents  of  one  bottle  into  the  other  and  again  dividing  into  two 
portions,  which  were  repeatedly  agitated  with  fresh  air. 

When  aerated,  one  bottle  was  filled  and  allowed  to  stand,  stoppered, 
for  half  an  hour,  to  an  hour  to  get  rid  of  minute  air-bubbles.  Then 
the  gases  were  extracted  and  analysed,  as  before  described,  the 
barometer  having  been  read  to  obtain  the  pressure  at  which  the  water 
was  aerated. 

The  results  are  calculated  from  the  following  formula  :  — 

vi,  2,  3   X  [P  +  (Z  +  c  -  fjvwi  X  273000  _ 

[pa  -ta]mm   x   T   x   V  "^^ '' " 

where  r  =  volume  of  gas  measured. 

P  =  atmospheric  pressure  when  measured. 

d  =  difference  in  level  of  mei'Cury  in  the  two  limbs. 

c  =  correction  to  be  applied  to  adjust  the  graduation. 

t  =  tension  of  aqueous  vapour  at  T. 

pa  =  atmospheric  pressure  when  the  water  is  aerated. 

t„  =  tension  of  aqueous  vapour  at  temperature  of  aeration. 

T  =  absolute  temperature  when  gas  was  measured. 

V  zz:  volume  of  water  used. 

The  results  are  thus  found  in  cubic  centimetres  of  gas,  measured  at 
0°  C.  and  760  mm.  bar.  dissolved  by  1000  c.c.  of  water  aerated  at  t°  C. 
with  a  dry  pi-essure  of  760  mm. 

The  barometer  readings  need  not  be  reduced  to  zero,  as  this 
correction  would  act  in  two  ways  counteracting  each  other. 
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The  above  formula  is  not  applicable  to  a  sample  of  water  taken 
for  analysis,  in  which  the  actual  volume  of  gas  present  is  required,  to 
be  found.  In  this  case,  760  must  be  substituted  for  [pa  —  ta]  mm. 
It  was  thought  best  to  fix,  with  as  great  accuracy  as  possible,  the 
values  at  10°,  15°,  20°,  and  25°,  by  means  of  several  determinations 
at  each  temperature,  and  from  these  values  to  calculate  the  remain- 
ing ones. 

The  following  are  the  numbers  obtained.  They  indicate  close  agree- 
ment between  the  several  experiments  at  each  temperature,  and  also 
throughout  in  the  ratio  between  the  oxygen  and  total  oxygen  plus 
nitroo-en,  a  ratio  always  between  33  and  34  per  cent.,  and  evidently 
not  a  function  of  the  temperature,  as  some  observers  claim  it  to  be.* 

They  show  a  wide  discrepancy  from  Bunsen's  numbers,  but  agree 
well  with  Dittmar's  deter minations.f 


Betermlnatioiis   of  Dissolved    Gases  in  fully    Aerated  Distilled   Water. 
Temperature  10°  C.     Pressure  760  mm.  (dry). 


Nitrogen. 


(1) 15  -45 

(2) 15-53 

(3) 15-56 

(4) •  15-43 

(5) j  15-38 

Mean  values . .  I  15  -47 


Diff.  from 
mean. 


-0-02 
+  0-05 
+  0-09 
-0-04 
-0-09 


Oxygen. 


7-84 
7-85 
7-85 
7-92 
7-90 


Diff.  from 
mean. 


-0-03 
-0  02 
-0-02 
+  0-05 
+  0-03 


7 -87 


Total 

gas. 


23-29 
23-38 
23-41 
23  35 
23-28 


23-34 


Percentage 
of  oxygen. 


Teviperatu7'e  15°  C.     Pressure  760  mm.  (dry). 


33-69 
33-58 
33-54 
33-94 
33-96 


33-74 


(1) •- 

(2) 

»      13-81 
13-86 

-0-02 
+  0-03 

7  11 

7-07 

+  0-02 
-0-02 

20-92 
20-93 

33-97 
33-76 

Mean  values. . 

13-83 

— 

7-09 

— 

20-92 

33-86 

Temperature  20°  C. 

Pressure 

760  mm.  (dry). 

(1) 

(2) 

12-74 
12-73 
12-75 
12-81 

-0-02 
-0-03 
-0-01 
+  0-05 

6-42 
6-44 
6  45 
6-45 

-0-02 

+  0-01 
+  0-01 

19-16 
19-17 
19-20 
19-26 

33-52 
33-60 

(3) 

33-62 

(i) 

33-46 

Mean  values. . 

12  -76 

— 

0-44 

— 

19-20 

33-55 

*  Winkler  (£er.,  1888,  2851).         f  "  Challenger  "  Reports,  vol.  i,  Pt.  I,  p.  160. 
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Temperature  25°  C.     Pressure  760  mm.  (dry). 


Nitrogen. 

Diff.  from 
mean. 

Oxjgcn. 

Diff.  from 
mean. 

Total     Percentage 
gas.       of  oxygen. 

0) 

(■■i) 

11-81 
11-76 

+  0  03 
-0-02 

5-94 

5-88 

-i-  0  -03 
-0-03 

17-75 i       33-46 
17-64         33-34 

Mean  values. . 

11-78 

— 

5-91 

— 

17-69         33-40 

From  these  results,  the  following  table  has  been  coustruoted, 
giving  the  oxygen  values  for  fully  aerated  distilled  water  for  each 
half-degree  between  5°  C.  and  30°  C,  and  foi-  an  observed*  pressui-e 
of  760  mm.  ;— 


Oxygen  Dissolved  by  Lis 

tilled  Water.     5- 

-30°  C. 

Temp. 
C. 

c.c.  Oxygen 

N.T.P. 
per  litre  Aq. 

Diff.  for 
0  -5°  C. 

rr                    C.C.  Oxygen 
Temp.                ^^|,S 

per  litre  Aq. 

Diff.  for 
0-5'' C. 

5- 

5 

6 

6 

7 

7 

8 

8 

9 

9 

10 

10 

11 

11 

12 

12 

13 

13 

14 

14 

15 

15 

16 

16 

17 

17- 

0° 
5 
0 
5 
0 
5 
•0 
5 
0 
5 
0 
5 
0 
5 
0 
5 
0 
5 
0 
5 
0 
5 
0 
5 
0 
5 

8 

8 

8 

8 

8 

8 

8 

8 

7 

7 

7 

7 

7 

7 

7 

7' 

7 

7 

7 

7 

6 

6 

6 

6 

6 

6 

•68 
58 
49 
40 
31 
22 
13 
04 
95 
86 
77 
68 
60 
52 
44 
36 
28 
20 
12 
04 
96 
89 
82 
75 
68 
61 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
0 
0 
0 
0 
0 
0 
0 
0 

10 
09 
09 
09 
09 
09 
■09 
09 
09 
•09 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
07 
07 
07 
07 
07 

18 
18 
19 
19 
20 
20 
21 
21 
22 
22 
23 
23 
24 
24 
25 
25 
26 
26 
27 
27 
28 
28 
29 
29 
30 

0° 

5 

0 

•5 

0 

5 

0 

5 

0 

5 

0 

5 

0 

5 

0 

5 

0 

5 

0 

5 

0 

5 

0 

5 

0 

6 

6 

6 

6 

6 

6 

6 

6 

6 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5- 

5 

5 

5 

54 
-47 
40 
34 
28 
22 
16 
10 
04 
99 
94 
•89 
84 
80 
76 
72 
68 
64 
60 
57 
54 
51 
48 
45 
43 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

07 
07 
06 
06 
06 
06 
06 
06 
05 
05 
05 
05 
04 
04 
04 
04 
04 
04 
03 
03 
03 
03 
03 
02 

*  In  this  table  the  results  are  not  calculated  for  aeration  at  a  drj/  pressure  of 
760  mm.,  but  for  au  observed  barometric  pressure  of  760  mm.  When  the  observed 
pressure  is  below  760  mm.  7-Vth  the  value  must  be  subtracted  for  every  10  mm.  diff. 
The  same  value  must  be  added  when  the  pressure  is  above  760  mm. 
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The  following  numbers  sliow  the  variation  from  Bunsen's  figures 
(hitherto  used  for  the  standardisation  of  the  hyposulphite),  and  the 
close  aarreement  with  Dittraar's  determinations  : — 


Oxygen. 

Nitrogen. 

Found. 

Dittmar. 

Bunsen. 

Found. 

Dittmar. 

Bunsen. 

15     .... 

20     .... 
25     .... 

7-87 
7-09 
6-44 
5-94 

8-00 
7-20 
6-53 
5-97 

6-79 
6-25 
5-93 

10°  C. . . 
15 
20 
25 

15-47 
13  -S3 
12-76 
11-81 

15-35 
13-95 
12  -79 
11-82 

12-70 
11-67 
11-08 

From  this  comparison,  we  have  no  hesitation  in  adopting  the  values 
we  have  obtained,  for  the  standardisation  of  the  hyposulphite  solution 
by  aerated  distilled  water.  This  method  has  the  advantage  of  being 
a  titration  cai'ried  out  under  almost  the  same  conditions  as  the 
examination  of  a  sample  of  water. 

Indigo  Standardisation. — When  once  the  hyposulphite  has  been 
carefully  standardised  by  distilled  water,  this  rather  troublesome 
aeration  may  be  avoided  by  finding  the  oxygen- value  of  the  indigo- 
carmine  solution.  This  solution  remaining  constant  may  be  used  for 
the  subsequent  standardisation  of  the  hyposulphite. 

It  is  only  necessary  to  take  a  suitable  quantity  of  indigo  solution, 
diluted  with  water  if  necessary,  free  it  from  all  dissolved  oxygen  by 
a  current  of  pure  hydrogen  continued  for  five  minutes,  then  carefully 
decolorise  with  hyposulphite,  the  value  of  which  has  been  carefully 
found  by  using  aerated  distilled  water.  The  hyposulphite  solution 
slowly  loses  strength  even  when  kept  in  hydrogen,  and  should  be 
standardised  daily  when  required  to  be  used. 

Copper  Metliod  of  Standardisation. — We  are  now  in  a  position  to 
exaraine  the  method  of  standardisation  by  the  use  of  ammoniacal  cupric 
sulphate.  This  consists  in  titrating  a  standard  solution  of  cupric 
sulphate  containing  in  1  litre,  4-462  grams  of  the  hydrated  salt  preci- 
pitated and  re-dissolved  in  ammonia,  adding  the  hyposulphite  in  an 
atmosphere  of  hvdrogen  until  the  blue  ammoniacal  liquid  is  I'endered 
colourless.  10  c.c.  of  such  a  solution  are  equivalent  to  1  c.c.  of 
oxygen,  IST.T.P. 

The  method  was  tested  by  applying  the  ox^-gen-value  thus  foi;ud 
for  the  hyposulphite  to  the  examination  of  fully  aerated  distilled 
water  at  10^,  lo°,  and  20'.  The  results  thus  found  for  distilled  water 
are  so  far  removed  from  the  actual  values  found  by  extracting  the 
gases  in  vacuo,   that  we  may  safely  reject  this  method  of  standard- 
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isation  as  inaccurate.      The  following-  are   the   detail.s   of    tliis  com- 
parison : — 

Titration  of  the  Copper  Solution. 

20  c.c.  copper  solution  =  ."iO  -10  or  lO'VO^ 

39-55  19-77  ]  Mean  19-76  c.c.  hypo- 

39-55  19-77  V       sulphite  =  1  c.c. 

39-65  19-fi-2  I        oxygen  N.T.P. 

39-50  19- 75  J 

Examination  of  the  Distilled  Water. 


10"  C. 


CO. 

Another 

Distilled 

Oxygen 

series 

True 

water. 

Hvpo. 

found. 

Means. 

gave 

value. 

.  1000  C.C. 

=  114-6 

5-79' 

112-9  -f- 

19-76 

-  5-71 

.   5-71 

5-67 

7-77 

111-1 

5-62  J 

.  1000  C.C. 

=  100-4 

5-08] 

99-5  ^ 

19-76 

=  5-03  ) 

>  5-02 

5-09 

6-97 

98-1 

4-96  J 

.  1000  C.C. 

^    92-6 

4-681 

80-8  -^ 

19-76 

=  4-54  ) 

>  4-62 

4-65 

6-28 

92-2 

4-66  1 

15°  C. 


20=  C. 


The  probable  causes  of  the  failure  of  the  copper  method  of  standardi- 
.'^ation  are  not  far  to  seek. 

In  the  first  place,  the  copper  solution  is  alkaline,  and  this,  as  we 
shall  show,  exerts  a  disturbing  influence.  In  the  second  place,  the 
reaction  occurring  when  free  oxygen  is  e.stimated.  in  water,  is  pro- 
bably not  so  simple  as  has  been  supposed.  The  nascent  sulphite 
formed,  no  doubt  taking  up  a  portion  of  the  free  oxygen  with 
formation  of  sulphate,  whilst  in  the  case  of  the  combined  oxygen  in 
the  cupric  solution,  this  latter  reaction  does  not  take  place. 

(1.)  Na,SO,  +  0  =  NaoSO:,, 
Hyposulphite.  Sulpliitc. 

(2.)  Xa,S03  +  0  =  Na,S04, 
Sulphite.  Sulphate. 

Thus  the  oxygen  taking  part  in  reaction  (2)  is  lost  where  the 
hyposulphite  solution  is  standardised  by  a  method  in  which  this 
latter  reaction  is  unrecognised. 

Comparison  of  the  Xew  Method  tuith  the  Volume  of  Gas  fotmd. — We 
next  proceed  to  apply  the  volumetric  process  as  thus  modified  to  the 
examination  of  samples  of  water  from  different  sources,  and  to  com- 
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pare  the  results  with  the  absolute  volume  of  gas  obtained  by  boiling 
out  the  same  water  in  vacuo. 

The  following  formula  is    applicable  to    the    volumetric  process 

— _ :=  X  c.c.  oxygen  per  litre  of  water,  where  d  and  s  =  the 

volumes  of  distilled  water  and  sample  respectively  used  and  hd  and 
Jis  =  hyposulphite  required  for  distilled  water,  and  sample  respec- 
tively, and  Od  the  volume  of  dis.solved  oxygen  (N.T.P)  contained  in 
1  litre  of  the  distilled  water  used. 

The  following  are  the  results  of  this  comparison  made  on  five 
different  samples  of  London  tap  water  collected  on  five  different 
days.  In  each  case  a  Winchester  quart  bottle  was  filled  with  the 
watei'  as  drawn  from  the  tap.  Three  estimations  were  made  by  the 
improved  method,  and  then  about  1700  c.c.  of  the  remaining  water 
taken  for  the  gasometric  estimation. 

London  Tap  Waters. 


(1) 

(2.) 

(3.) 

(4.) 

(5) 

c.c. 

13-22 

5-15 

7-98 

c.c. 

13-95 

5-91 

9-29 

c.c. 
13-36 

5-38 
6-70 

c.c. 

13-43 

6-31 

7-35 

c.c. 
13-49 

Oxjgen 

Carbonic  acid    

5-80 
8-11 

Total  gas 

26-35 

29  15 

25  -44 

27-09 

27-40 

Oxygen    by   the    new 

volumetric  metliod  . 

Gas  obtained 

5-52 
5-15 

6-13 
5-91 

5  64 
5-38 

6-41 
6-31 

6-24 

5-80 

Difference 

0-37 

0-22 

0-26 

0-10 

0-44 

Mean  difference  0-28  c.c.  oxygen  per  litre  of  water. 


The  oxygen  values  obtained  by  the  two  methods  show  close  agree- 
ment, considering  the  possible  experimental  error  in  so  complex  a 
comparison.  The  mean  difference  being  only  0-28  c.c.  of  oxygen  per 
litre  of  water,  showing  that  the  method  gives  good  results  with  ordi- 
nary drinking  waters. 

The  next  series  of  comparisons  were  made  on  Thames  water 
collected  just  below  the  bridge  at  Richmond.  These,  like  the  tap 
waters,  show  that  the  method  is  applicable  to  tolerably  pure  river 
water. 

The  following  are  the  details  of  the  estimations : — 
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Thames  at  Richmond . 


(1) 

(2.) 

(3.)                    (4.J 

Nitrogen    

1714 

16  -74 
8-00 
7  18 

13 -75                13-11 

Oxveen  

8-37 
7-35 

5-24 
7-38 

6-06 

Carbonic  acid   

7-95 

Total  gas 

32-86 

31-92 

26-37                27-12 

Oxygen  by  the  new  method 
G-as  obtained 

8-95 
8-37 

8-98 
8-00 

5-87 
5-24 

0  13 
606 

Difference 

0-5S 

0-98 

0-63 

0  07 

Mean  difference,  0*56  c.c.  of  oxygen  per  litre  of  water. 


A  further  comparison  was  made  with  very  impure  Thames  water 
collected  at  Crossness,  opposite  the  southern  outfall  for  London 
sewage,  12  miles  below  London  Bridge. 

These  in  like  manner  indicate  that  the  method  gives  good  results 
even  Avith  an  impure  water  of  this  character. 

The  following  are  the  details  of  the  analyses  : — 

Thames,  opposite  Southern  Sewage  Outfall. 


(1.) 

(2.) 

(3.) 

(4.) 

(5.) 

(6.) 

Nitrogen 

17  -US 

2-51 

14-00 

17-58 

0-59 

15-29 

17-60 

0-13 

15-77 

17  -46 

1-06 

14-51 

15-96 

4-36 

26-18 

16-96 

Oxygen 

Carbonic  acid 

4-68 
15-13 

Total  gas 

33  -59 

33-46 

33-50 

33-03 

46-50 

36-77 

Oxygen       by     the     new 
method    

3-01 
2-51 

0-99 
0-59 

0-34 
0-13 

1-65 
1-06 

5-18 
4-30 

5-94 

Gas  obtained 

4-68 

Difference 

0-50 

0-40 

0-21 

0-59 

0-82 

1-26 

IMean  difference,  0  -03  c.c.  of  oxygen  per  litre  of  water. 


In  sample  (5)  the  low  nitrogen  is  explained  by  the  abnormally  high 
carbonic  acid. 

The  process  thus  applied  to  waters  of  such  varied  character,  and 
containiiig  such  widely  different  amonnts  of  oxygen,  with   a   mean 
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difference  of  only  0"5  c.c,  from  the  value  obtained  by  extracting  and 
measuring  the  gases,  shows  that,  although  perfect  accuracy  cannot 
be  guaranteed  for  the  process  thus  improved,  yet  the  results  obtained 
are  not  far  removed  from  the  truth,  and  certainly  give  very  valuable 
indications  as  to  the  oxymetric  condition  of  samples  of  water  sub- 
mitted to  its  operation.  Pei'haps  no  other  volumetric  process  satis- 
fies so  well  the  conditions  of  so  difficult  a  problem  as  the  estimation 
of  dissolved  oxygen  in  water. 

In  investigations  on  the  action  of  micro-organisms  in  the  purifica- 
tion or  putrefaction  of  impure  waters,  it  is  hoped  the  process  will  give 
valuable  aid. 

Influence  of  Acidity  and  Allialinity .—A\t\ioVig\\  the  method  is 
applicable  to  pure  and  impure  waters,  and  even  to  brackish  waters, 
this  is  not  the  case  if  the  water  contains  even  small  quantities  either 
of  free  acid  or  alkali.  Thus,  if  yoVo^^  part  of  sulphuric  acid  be 
added  to  pure  water,  not  only  is  the  oxygen  value  obtained  a  different 
one,  but  the  whole  reaction  is  disturbed.  The  volume  of  hypo- 
sulphite required  for  the  first  decolorisation  is  greater  ;  this  only  pro- 
ducing a  light,  straw-yellow,  instead  of  the  fine  deep-yellow  of  a 
normal  titration.  The  delicacy  of  the  reaction  is  altogether  destroyed, 
a  much  larger  volume  of  water  than  usual  only  slowly  producing  a 
light-blue  colour,  instead  of  the  distinct  coloration  produced  by  even 
half  a  cubic  centimetre  of  pure  water  in  a  normal  titration.  Oxalic 
acid  has  a  similar  action.  The  same  proportion  of  ammonia  has  an 
entirely  opposite  effect.  The  oxygen  value  is  raised  instead  of 
lowered,  and  the  delicacy  of  the  reaction  is  not  impaired,  although  the 
colour  reaction  is   very   much    modified.      The    results   compare    as 


follows  : — 

Pure  water. 

1 

Tout 

part  of  sul- 
mric  acid. 

ammonia. 

28-5^ 

17-3 

35o 

100  c.c. 

287 

Mean 

17-3 

36-1 

29-0  1    -^  ^ 

17-3 

35-8 

28-lJ 

Sodium  bicarbonate  has  no  effect. 

Of  course,  when  other  substances  than  oxygen,  which  decompose 
hyposulphite,  are  present  in  the  water,  the  accuracy  of  the  method  is 
proportionately  disturbed. 

Delicacy  of  the  Reaction. —  With  jiure  water,  the  change  of  colour  is 
a  very  highly  sensitive  reaction  and  the  most  delicate  test  for  the 
presence  of  free  oxygen  we  possess,  one  part  of  oxygen  in  two 
million  parts  of  water  being  sufficient  to  bring  about  a  distinct  change 
of  colour. 
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If  a  quiiutity  of  the  reduced  yellow  liquid  be  sealed  up  in  a  vessel 
containing  pure  hydrogen,  it  retains  its  yellow  colour  and  its  power 
of  turning  blue  when  opened  and  exposed  to  air,  even  alter  many 
<lays. 

The  blue  compound  obtained  by  exposing  the  titrated  liquid  to  air 
is  likewise  permanent  in  pure  hydrogen,  but  it  is  a  curious  fact  that 
it  slowly  fades  and  turns  to  yellow  on  further  exposure  to  air.  This 
is  no  doubt  due  to  the  presence  of  sulphite,  as  a  crystal  of  sodium 
sulphite  di'opped  into  a  solution  of  the  untitrated  indigo-carmine 
causes  the  same  slow  fading  of  colour,  and  gives  subsequently  the 
same  yellow  liquid. 

This  is  in  strict  accordance  with  the  observations  made  on  the  action 
of  atmospheric  oxygen  in  the  fading  of  colour  in  dye-stuffs  {Chem. 
Ncic^,  39,  313). 

Di'ffusio7i  of  Oxygen  through  India-rubber. — The  delicacy  of  tliis 
reaction  may  be  employed  to  show  the  rapid  diffusion  of  atmospheric 
air  through  india-rubber  tubing.  The  experiment  is  made  as 
follows  : — 

Fig.  5. 


lOO  c.c.  of  water  and  o  c.c.  of  indigo-carmine  are  freed  from  oxygen 
and  decolorised  in  the  usual  way.  The  liquid  is  then  forced  out  by 
hydrogen  pressure  on  opening  A. 

When  the  liquid  has  flowed  through  B,  C,  D,  E  for  a  few  seconds 
the  pinchcock  A  is  closed. 
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The  liquid  is  seen  to  be  yellow  at  F,  B,  and  D,  and  is  allowed  to 
remain  in  the  india-rubber  tube  C  for  five  minutes.  If  now  A  be 
cai'efully  opened  so  as  to  allow  the  former  contents  of  C  to  be  seen  in 
the  glass  tube  D,  it  will  at  once  be  observed  that  whilst  the  liquid  in  F, 
B,  and  D  had  remained  unchanged,  that  in  C  had  turned  quite  blue 
from  the  absorption  of  atmospheric  oxygen  diffused  through  the 
india-rubber.  Even  one  minute's  exposure  is  sufficient  to  give  an 
indication. 

This  experiment  has  a  practical  bearing  on  the  construction  of  the 
apparatus  as  figured  in  Dupre's  paper  and  in  Sutton's  book,  in  which 
the  hyposulphite  solution  is  made  to  pass  through  several  feet  of 
india-rubber  tubing  before  reaching  the  titration  vessel,  its  strength, 
of  course,  diminishing  with  the  time  of  remaining  in  contact  with 
the  india-rubber. 

In  the  form  adopted  by  us,  the  hyposulphite  is  conveyed  from  the 
stock  bottle  to  the  titration  vessel  by  a  glass  syphon,  and  only 
sufficient  india-rubber  used  to  accommodate  a  pinchcock  and  to  make 
one  other  connection  necessary  for  the  free  motion  of  the  titration 
vessel. 


LIV. — Zinc  Dextrosate. 


By   Alfred    C.    Chapman,    Demonstrator   of   Chemical   Technology, 
University  College,  London. 

Vakious  compounds  of  dextrose,  with  the  oxides  of  barium,  strontium, 
calcium,  lead,  and  coppei  have  been  described  by  Peligot,  Brendecke, 
and  other  chemists,  but  no  compound  of  dextrose  with  oxide  of  zinc 
appears  to  have  been  noticed.  When  an  ammoniacal  solution  of  zinc 
hydrate  is  added  to  a  concentrated  solution  of  dextrose  in  90  per 
cent,  alcohol,  a  white,  curdy  precipitate  immediately  falls. 

4  grams  of  thoroughly  washed  zinc  hydrate  were  dissolved  in 
the  smallest  possible  quantity  of  strong  aqueous  ammonia,  and  this 
was  then  added  to  a  solution  of  5  grams  of  dextrose  in  about  400  c.c. 
of  90  per  cent,  alcohol.  After  standing  for  12  hours,  the  clear  super- 
natant liquid  was  poured  off,  and  the  white  precipitate  transferred  to 
a  perforated  porcelain  plate  placed  in  a  funnel  and  connected  with  a 
filter-pump. 

After  having  been  thoroughly  washed  with  alcohol,  and  allowed  to 
drain  in  a  current   of  air,  it  was  placed  under  the  receiver  of  an  air- 
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pump  and  dried  to  a  constant  weig'lit  in  a   vacunui   over  sulphuric 
acid. 

By  this  method  I  obtained  ratlier  more  than  4  grams  of  the  dry 
zinc  dextrosate 

Results  of  Analysis. 

I.  0-428  gram  gave  0-290  gram  CO,  and  0-178  gram  HoO. 
II.  0-362  „  0-248        „         „        0-149 

III.  0-500  „  0-204  gram  ZnO. 

IV.  0-482  „  0-1965 
Y.  0-500          „  0-205 

Found 

Calculated  for  ,^— * ^ 

Cr,Hio06,2ZiiO  +  3HoO.         I.  II.  III.  IV.  V. 

C 18-19  18-45     18-67       _         _         _ 

H 4-54  4-60       4-56        _  _         _ 

Zn 32-83  —         —       32-74    32-71     32-90 

This    compound,    when   treated    with    water,    is    decomposed   into 

dextrose    and    zinc  oxide.        The  zinc  in  Analyses  III   and  V  was 

determined  by  treating  a  weighed  quantity  with  water,  heating  for 

some  time,  filtering  oft'  the  zinc  oxide,  and  weighing.       The  dextrose 

in  the  filtrates  was  also  estimated. 

The  following  are  the  results  : — 

Found. 

Calculated  for  ^ * ., 

CcHi.06,2ZnO  +  SHoO.  («.)  {b.) 

Dextrose 45-46  45*5  45*9 

Zinc  oxide 40-91  40-8  41-0 

Water 13-63  *13-7  *13-1 

100-00  100-0  100-0 

Zinc  dextrosate  is  a  white,  amorphous  substance.  It  is  very 
hygroscopic  and  parts  with  its  moisture  with  very  great  difficulty.  It 
is  insoluble  in  alcohol,  ether,  and  chloroform,  but  is  easily  soluble 
(pi'obably  after  decomposition)  in  dilute  acids.  When  heated,  it 
decomposes,  decomposition  commencing  at  a  temperature  of  about 
65°  to  70°.  In  one  experiment,  a  solution  from  which  the  zinc 
dextrosate  had  been  separated  as  above  described  on  standing  for 
several  weeks  deposited  small  needle-shaped  crystals,  but  the  quantity 
was  far  too  small  for  an}-  investigation. 

*  The  water  by  difference. 
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LV. — Oxidatiun  Products  of  Acenaplithene. 

By  T.  EwAN,  B.Sc,  and  J.  B.  Cohex,  Ph.D.,  Owens  College. 

The  following  series  of  experinlents  was  undertaken  with  the  view  of 
preparing  the  intermediate  products  of  the  oxidation  of  acenaphthene 
and  naphthalic  acid.  According  to  the  present  view  of  the  constitu- 
tion of  acenaphthene  (Ekstrand,  Ber.,  1885.  2881,  Philip  and  Bam- 
berger, Ber.,  1887,  237),  it  should  yield  on  oxidation  a  dialcohol  and 
diketone  of  the  following  constitution  : — 

n  TT /CHo       p  „  ^CH'OH       p  tt  x'9^        n  tt  ^COOH 
CHo  CH-OH  CO  COOH 

Acenaphthene.  Acennj^htliylene        Acenaphthjlene-       NaphthaUc  acid. 

glycol.  ketone. 

The  present  paper  contains  a  preliminary  account  of  these  experi- 
ments, which  are  still  being  carried  on. 

Action  of  Lead  Oxide,  Lead  Nitrate,  and  Water  upon  Bibromacenaph- 
thene  Bromide,  Ci2H8Br2,Br4. 

Dibromacenaphthene  bromide  was  boiled  with  water  and  lead  oxide 
for  2  to  3  days  with,  reflux  condenser,  and  the  product  distilled  in  a 
current  of  steam.  A  substance  passed  over  which  crystallised  in  bi'il- 
liant  yellow  needles.  The  same  compound  was  obtained  on  heating 
the  bromide  with  lead  oxide  and  water  at  150°,  and  also  with  a  solu- 
tion of  lead  nitrate.  The  yield  in  all  cases  was  so  small  that  any 
further  investigation  as  to  the  constitution  of  the  compound  has  been 
postponed.  The  substance  was  recrystallised  from  alcohol,  and  melts 
at  126 — 129".     It  gave  the  following  results  on  analysis  : — 

Calculated  for 
Found.  Ci.H402Br2. 

C 45-62  46-15 

H 3-16  2-53 

Br 46-80  47-06 

Acenaplithylene  Glycol  Monoacetate. — A  better  result  was  obtained 
by  converting  acenaplithylene  dibromide  into  the  acetate  and  decom- 
j)osing  the  product  with  potash. 

2  grams  of  the  dibromide  are  boiled  with  2  grams  of  caustic 
potash  and  7 — 8  c.c.  of  glacial  acetic  acid.  In  a  few  minutes  potas- 
sium bromide  begins  to  separate,  and  the  reaction  is  soon  complete. 
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The  product  is  neutralised  with  caustic  soda,  the  buff-coloured  pre- 
cipitate collected  and  washed  with  water.  The  precipitate  is  dried, 
aud  crystallised  from  light  petroleum,  and  recrjstallised  from  acetic 
acid  or  alcohol.  It  forms  long,  slender,  ^-ellow  needles,  which  melt  at 
122 — 122"r>°  (uncorr.)  ;  it  is  easily  soluble  in  alcohol,  less  soluble  in 
methyl  alcohol,  very  soluble  in  ether  aud  glacial  acetic  acid.  40  grams 
of  the  bromide  give  10  grams  of  product.  The  substance  gave  on 
analysis  the  following  results  : — 

Calculated  for 
Found.  C14IIJ-O3. 

C 73-65  73-67 

H 5-7  5-27 

The    compound    is    tlierefore    acenaphthylene    glycol    monoacetate, 

'^CH-O-C.HaO. 

Ace^iaphtliijlene  Glycol  Diacetate. — The  monoacetyl  compound  was 
boiled  with  excess  of  acetic  anhydride  for  half  an  hour,  and  the  m.ass 
poured  into  water.  When  the  excess  of  anhydride  was  decomposed, 
a-  bi'own  solid  residue  remained,  which  was  collected,  washed  with 
water,  and  crystallised  from  methyl  alcohol.  It  melts  at  130°,  and 
gave  on  analysis  the  following  results  : — 

Calculated  for 

CIIOC2H3O 

Found.  ^CH-0-CoH:jO 

C 70-75  71-11 

H 5-5-1  5-20 

It  is  a  yellow,  crystalline  substance. 

Acenai^Idhyltne  Glycol. — 1-6  gram  of  the  monacetyl  compound  and 
1  gram  of  caustic  potash  are  dissolved  in  methyl  alcohol  and  boiled 
for  2  to  3  hours  on  the  water-bath.  On  cooling,  long  needles 
separate,  which  may  be  recrystallised  from  methyl  alcohol.  They  are 
colourless,  melt  at  204 — 205°,  and  are  slightly  soluble  in  cold  methyl 
alcohol  or  hot  water.  The  substance  gave  the  following  lesults  on 
analysis : — 


C. 
H 


Calculated  for 

Found. 

^CHOH 

CioH6<  1 
'"    '^CHOH 

77-18 

77-42 

5-62 

5-38 

On  oxidation  with  an  alkaline  4  per  cent,  permanganate  solution  in 
the  cold,  a  white,  crystalline  acid  is  formed,  melting  at  266 — 267°, 
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which  is  doubtless  naplithalic  acid.     JS'o  intermediate   oxidation  pro- 
duct; of  the  glycol  could  be  obtained  in  this  way. 

Acenaphthylene  Glycol  Monohenzoate. — 1  gram  acenaphthylene  bro- 
mide was  dissolved  in  ether,  and  1"44  gram  of  silver  benzoate  added. 
The  reaction  goes  on  in  the  cold.  The  product  was  collected  and  the 
ether  evaporated.  The  residue  may  be  crystallised  from  methyl 
alcohol  or  toluene,  and  forms  small,  colourless  plates  melting  at 
189 — 190°.  A  second  portion  dissolved  in  alcohol  was  treated  with 
excess  of  moist  silver  benzoate,  extracted  with  light  petroleum,  and 
recrystallised  from  glacial  acetic  acid.     The  product  was  the  same. 


Pound. 


I. 

II. 

78-73 

78-71 

5-38 

5-04 

Calculated  for 
CHOH 
CinHfi<r   I 
10    e^cH-O-C^HjO 

C 78-73        78-71  78-62 

H   5-38  5-04  4-83 

AcenapJitJiene  Ketone. — To  obtain  the  methyl-derivative  of  acenaph- 
thylene glycol,  we  acted  on  the  glycol  with  methyl  iodide  and  sodium 
alcoholate.  The  result  turned  out  very  different  from  what  we  anti- 
cipated. 2  grams  of  the  glycol  were  mixed  with  alcohol  insuificient 
for  complete  solution,  and  O'o  gram  of  sodium,  dissolved  in  about 
5  c.c.  of  absolute  alcohol,  added.  3-1  grams  of  methyl  iodide  were 
introduced,  and  the  mixture  heated  for  two  hours  at  150 — 160°. 
Sodium  iodide  separated.  The  product  was  diluted  with  water, 
extracted  with  ether,  the  ethereal  solution  dehydrated  over  calcium 
chloride,  and  evaporated.  The  residue  solidified,  and  was  recrystal- 
lised from  alcohol.  The  substance  forms  pale  yellow  needles  melt- 
ing at  119 — 119-5°.     It  gave  on  analysis  the  following  results  : — 

Calculated  for 
Found.  CioHgO. 

C 85-71  85-78 

H 4-78  5-21 

It  is  not  acted  on  by  dry,  gaseous  hydrochloric  acid  when  passed 
through  its  solution  in  toluene,  or  when  boiled  with  glacial  acetic 
acid.  It  combines  with  phenylhydrazine  acetate,  but  the  amount  of 
product  obtained  was  insufficient  for  analysis.     The  compound  will 

PIT 

therefore  be  a  ketone  of  the  following  constitution  :  CioH6<C^  '       .      We 

explain  the  reaction  by  supposing  that  the  sodium  alcoholate  has  a 
dehydrating  action  on  the  glycol,  removing  1  mol.  of  water. 

To  prepare  the  alkyl  ethers  of  acenaphthylene  glycol,  we  had 
recourse  to  the  action  of  sodium  ethylate  on  acenaphthylene  dibro- 
mide,  and  the  results,   although   they  have  not  yielded  the  desired 
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compound,  may  be  of  some  interest.  2  grams  of  acenaphthylene 
bromide,  0'35  gram  sodinm,  and  10  c.c.  of  alcohol  were  allowed  to 
stand  in  the  cold  for  one  hour  and  then  heated  just  to  boiling.  On 
cooling,  the  Avhole  solidified;  after  crystallisation  from  alcohol  the 
product  was  obtained  in  long  needles  melting  at  9-1 — 95°.  It  gave  the 
following  results  on  analysis  : — 

Ciilculated  for 
Found.  Ci-jHin. 

C 92-90  93-5G 

H 6-76  6-45 

It  formed  a  crystalline  compound  with  picric  acid,  melting  at 
161 — 162°.     The  substance  is,  therefore,  acenaphthene. 

If  the  acenaphthylene  bromide  be  dissolved  in  anhydrous  benzene, 
and  then  heated  with  dry  sodium  alcoholate,  a  brown  oil  is  formed, 
which  readily  combines  with  picric  acid  to  form  a  yellow,  crystalline 
compound,  melting  at  201 — 202°,  and  gives  the  following  results  on 
analysis  : — 

Calculated  for 
Found.  Ci2H8-CfiH;(OH)  (N0.,)3. 

C 50-94  5670 

H 316  2-87 

The  compound  is  doubtless  the  picric  acid  derivative  of  ace- 
naphthylene. 

We  cannot  as  yet  attempt  a  satisfactory  explanation  of  the  course 
of  these  reactions,  but  we  intend  to  investigate  them  further. 

Tefrabromacenaphthene. — To  obtain  the  diketone  wo  first  prepared 
the  tetrabrorao-derivative  of  acenaphthene. 

2  grams  of  acenaphthylene  bromide  dissolved  in  carbon  bisulphide 
and  1"75  gram  of  bromine,  were  allowed  to  stand  overnight.  Rosettes 
of  crystals  separated,  which,  when  pure,  melt  at  161 — 162°  with 
decomposition.  It  is  insoluble  in  alcohol.  The  following  results  were 
obtained  on  analysis  : — 

Calculated  for 
Found.  CiHgBr^. 

Br 67-73  68-08 

Trihromacenaplithene . — This  compound  was  obtained  in  one  experi- 
ment in  the  preparation  of  the  tetrabromo-derivative ;  but  the  condi- 
tions were  not  specially  noted  at  the  time,  and  we  have  not  been  able, 
so  far,  to  obtain  it  a  second  time. 

It  is  a  yellow  crystalline  substance,  soluble  in  ether,  glacial  acetic 
acid,  and  hot  alcohol.     It  melts  at  88—90°. 
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It  gave  the  following  results  on  analysis :  — 

Calculated  for 
Found.  CioH-Bra. 

C 36-45  30-83 

H 2-08  1-79 

Action  of  Chromium  Oxy chloride  upon  Acenaphthene. 

To  obtain  tlie  dialdehyde  corresponding  to  napMhalic  acid,  we 
adopted  Etard's  method.  2  grams  of  acenaphthene  were  dissolved  in 
20  gi-anis  of  anhydrous  carloon  bisulphide  and  2  grams  of  CrOsCL, 
dissolved  in  carbon  bisulphide,  were  slowly  added  to  the  cold  solution 
of  the  acenaphthene.  A  dark  brown,  amorphous  precipitate  was  formed, 
which  was  filtered  through  glass-wool,  washed  with  carbon  bisul- 
phide, and  dried  in  a  vacuum  over  concentrated  sulphuric  acid.  It 
was  analysed  with  the  following  result : — 

Calculated  for 
Found.  CiiHioCCrO.^Clo).. 

Cr 2210  22-41 

On  bringing  the  compound  into  water,  a  green  solution  is  obtained ; 
but  the  insoluble  brow^n  amorphous  product  obstinately  retains 
chromium,  even  after  prolonged  boiling,  and  in  spite  of  repeated 
attempts,  it  was  impossible  to  prepare  a  pure  product.  It  dissolves 
also  with  difficulty  in  the  usual  solvents. 

-  To  obtain  the  dialdehyde  and  diketones  of  naphthalic  acid,  we  dis- 
tilled the  barium  salt  of  the  latter  with  the  lime  salt  of  the  fatty 
acid,  and  obtained  distillates  which  readily  crystallised.  The  acid 
chlorides  readily  react  on  acenaphthene  in  presence  of  aluminium 
chloride  to  form  well  crystallised  ketones ;  but  the  ketone-group 
appears  to  go  into  the  niicleus  and  not  into  the  ethylene  side-chain. 

Naphthalimide  forms  a  crystalline  chloi'ine-derivative  when  acted 
on  by  phosphorus  pentachloride.  The  investigation  of  these  com- 
pounds will  form  the  subject  of  a  subsequent  communication. 


I 
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LVI. — Isomeric  Change  in  the  Phenol  Series.     (Tliird  Notice.) 
By  AuTHL'i;  R.  Lim;. 

In  a  foi'mer  communication  (Trans.,  1887,  147),  I  have  sliown  that 
when  dibromoj'/'Aonitroplienol  is  heated  at  100°  with  bromine  and  water, 
mucli  bromanil  is  produced,  together  with  mono-  and  di-bromojjara- 
nitrophenol.  The  isomeric  change  which  takes  place  is  therefore  that 
of  a  jt)a?"abromo?-^7wnitro-derivative  of  phenol  into  an  orthohvovaopara- 
nitro-derivative,  and  this  being  so,  it  appeared  to  me  not  unlikely  that 
or^/iochloroj5a?-abromo7-^Aonitrophenol,  a  compound  which  I  have 
already  described  (Trans.,  1887,  791),  might  also,  when  similarly 
heated  with  hromine  and  water,  undergo  isomeric  change  into  ortho- 
chloro/-^7iobromojjaranitrophenol ;  this  seems  to  be  the  case,  but 
although  I  have  found  that  a  considerable  quantity  of  chlorotribromo- 
quinone*  and  of  o)-f7iochlorodinitrophenol  is  at  the  same  time  formed, 
I  have  obtained  no  evidence  of  the  production  of  a  mono- halogen 
derivative  of  pa?-anitrophenol.  It  having  been  rendered  probable 
that  when  chlorine  is  passed  through  a  hot  glacial  acetic  acid  solution 
of  ^fOTtbromor^/ionitrophenol,  the  product  consists  in  a  great  measure 
of  ^Ja^'anitrophenol-derivatives,  I  felt  anxious  to  know  whether  the 
isomeric  change  which  appears  to  occur  is,  in  this  case,  brought  about 
through  the  agency  of  chlorine,  or  of  the  bromine  which  is  liberated 
by  the  latter.  I  have  to  this  end,  therefore,  made  several  experiments. 
Firstly,  by  passing  chlorine  through  a  hot  glacial  acetic  acid  solution 
of  or;'/ionitrophenol  ;  secondly,  by  heating  an  acetic  acid  solution 
of  dichloro/'f/ionitrophenol,  saturated  with  chlorine  at  100° ;  and 
thirdly,  by  heating  dichloro?-^//onitropheual  at  100°  with  chlorine- 
water.  These  experiments  have,  in  no  case,  yielded  derivatives  of 
^^aranitrophenol,  so  that  as  regards  the  production  of  the  latter, 
when  chlorine  is  passed  through  a  hot  acetic  acid  solution  of  para- 
bromor^/ionitrophenol,  it  must  be  due  to  the  liberated  bromine. 

An  interesting,  and  at  first  sight  rather  complicated  case  of  isomeric 
change  takes  place,  when  o?-/7tochloroparabromophenol  is  nitrated  by 
warming  it  in  an  acetic  acid  solution  with  a  slight  excess  of  nitric 
acid  (sp.  gr.  1"42),  namely,  together  with  the  normal  products,  ortlio- 
chloroparabromo?'^/ionitrophenol  and  orthoc\i\ovorthoparadan\ivoY)he\io\, 
which  are  formed  in  the  largest  quantity,  a  not  inconsiderable  amount 
of  dior^7;ochlorobromoparonitrophenol  is  also  produced.      The  produc- 

*  I  have  already  sLown  (Trans.,  1887,  790)  that  when  or('7/ocliloro^;arabrom- 
o/VZi onitrophenol  is  heated  with  bromine  and  water  at  100°,  the  proportions  used 
being  C6H;ClBr(]N'0;)-0II  :  4B3";,  it  i?  entirely  converted  into  chlorobromoquinoue. 
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tion  of  or//iocbloror/7i0^ja?'adinitroplienol,  and  tlie  consequent  elimina- 
tion of  bromine  renders  this  case,  however,  equivalent  to  the  action 
of  bromine  on  or^7tochloro^a?'abromor^7ionitrophenol,  the  latter  being 
"without  doubt  the  initial  product  of  the  reaction. 


OH 

ci/\ 

OH 

Cl/^^NOo 

yields                           , 

OH                          OH 

Cl/^^NO..             Cl^^B 

and 

Er 

Br 

NO.                         NO, 

I  have  also  to  announce  that  the  isomeric  change  of  }mrach\oro7-tho- 
bromo?'f^onitroph.enol  into  or^/iochloroparabromori/ionitrophenol,  which 
■was  pointed  out  by  me  (Trans.,  1887,  789),  does  not  take  place  at 
all,  and  that  a  mistake  must  have  arisen  in  working  with  impure 
materials  in  a  manner  which  I  shall  explain  later,  since  on  re- 
examining the  two  isomeric  chlorobromo-derivatives  of  orthonitro- 
pheuol,  I  find  that  the  description  which  I  have  given  of  these  com- 
pounds needs  practically  no  modification.  I  am  chiefly  indebted  to 
Dr.  H.  E.  Armstrong  for  arousing  my  suspicions  on  this  point,  since 
my  results  appeared  to  be  incompatible  with  some  recent  investiga- 
tions made  in  his  laboratory,  but  on  looking  into  the  question  more 
closely,  I  came  to  the  conclusion  that  this  last- mentioned  case  of 
isomeric  change  is  altogether  at  variance  with  my  other  observations ; 
for  example,  I  have  shown  (Zoc.  cit.,  786)  that  the  parachlorine-atom 
in  dichloror^/ionitrophenol  is  quite  stable  when  treated  with  bromine  ; 
and  it  has  also  been  shown  by  Petersen  i^Ber.,  6,  370),  that  on  heating 
dichloror^/ionitrophenol  with  nitric  acid,  the  orthochlorine-atom  is 
replaced.  From  these  facts  it  might  be  inferred,  therefore,  that  of 
the  compounds  parac\Aovortliohvon\ort]ion\ivo'\)\\e\\o\  and  orf/iochloro- 
parabromo?-^/«onitrophenol,  the  former  modification  is  the  more  stable, 
but  the  isomeric  change  of  the  former  into  the  latter  requires  the  con- 
verse of  this. 

I  find,  furthermore,  that  pa?'achloror//iobromo?'^/zonitrophenol,  Avhen 
warmed  with  nitric  acid  in  acetic  acid  solution,  yields  ^^arachloi^odi- 
or^/zonitrophenol,  thus : — 

OH  OH 

Bi-i-^NnO;  nO;/\no. 

yields  ' 

\/  \/ 

CI  01 

and  that  or/Ziochloro^jaj-abroraori/ionitrophenol,  when  similarly  treated, 
yields  o)"^/iochloror//iopa>-adinitrophenol,  thus  : — ■ 
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■  OH  OH 

Cl/^.NO.  Ci/NnOs 

yields  , 

\/  \/  • 

Br  NOo 

OrthochlorQ-p^rahromorthonitrapTienoh 

This  compoand  is  best  prepared  by  nitrating  ()r^7ioc]il6ro2)ambromo- 
phenol,  the  latter  being  prepared  by  the  chlorination  of  parabromo- 
phenol  with  sulphuryl  chloride  (SO2CI3).  The  melting  point  of  this 
nitro-compound  appears  to  be  somewhat  lower  than  that  previously 
given,  namely,  114°  instead  of  117".  The  potassium-derivative, 
CBH..ClBr(N02)*0K,  when  not  quite  pure,  or  when  deposited  quickly 
from  supersaturated  solutions,  crystallises  in  plates,  but  on  purifica- 
tion may  be  obtained  in  beautiful,  long,  red  needles,  which  are  some- 
what flat.  The  calcium  salt  forms  small,  red  crystals  with  7  mols. 
HjO,  as  previously  stated. 

Action  of  Bromine  on  Orthoc/iZoroparafcromorthojitirop^enoZ. 

10  grams  of  or/7iochloropa?'abromor^/ionitrophenol  was  placed  in  a 
bottle,  together  with  40  c.c.  of  water  and  6  grams  of  bromine  (1  mol.), 
the  stopper  wired  down,  and  the  bottle  heated  in  a  bath  of  boiling 
water  for  nine  hours.  On  the  following  day  the  bottle  was  opened, 
the  acid  liquid  decanted,  and  the  product  washed  with  water.  It  was 
then  separated  from  chlorotribromoquinone  by  extracting  with  potas- 
sium carbonate  solution.  On  purifying  the  crude  brown-coloured 
salt  by  recrystallisation  and  treatment  with  animal  charcoal,  it  was 
found  that  none  of  the  red  salt  of  the  or^/ionitrophenol-derivative  was 
present,  but  that  the  colour  of  the  salt  was  yellow.  Quite  pure  salts 
were  not  obtained,  but  the  analytical  numbers  from  them,  and  the 
melting  points  of  the  phenols,  leave  no  doubt  that  the  product  con- 
sisted of  the  potassium-derivatives  of  ori/iochlorodinitrophenol,  and 
or^/iochloror^i^obromopa?-anitrophenol. 

No.  I  Salt. 

0-1627    gram   lost  0*0111    gram  at  120°,  and   gave   0-0471    gram 

KjSO,. 

Theory. 
C6H2Cl(NOo)20K,H20.  Found. 

H,0 6-55  p.  c.  6-82  p.  c. 

K 14-20     „  12-96     „ 

The  phenol  obtained  from  the  foregoing  melted  at  105 — 107°; 
ori/(ochlorodinitrophenol  melts  at  110°. 

VOL.   LV.  2   s 
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No.  II  Salt. 

0-1982   gram   lost   0-0114  gram   at   125°  and   gave   0-0547  gram 

K2SO4. 

Theory. 
CfiHjClBrCNOohOK.HjO.        Found. 

H,0 5-83  p.  c.  5-75  p.  c. 

K 12-64     „  12-36     „ 

The  ptenol  from  this  salt  did  not  show  any  very  definite  melting 
point;  it  softened  at  110°,  and  melted  at  120 — 130°,  decomposing  a 
few  degrees  above  this ;  orf/iochloror^Aobromqparanitrophenol  melts 
at  137°  with  decomposition. 

Action  of  Chlorine  on  J*?ira,bromorthon{tr(yphenol. 

A  boiling  acetic  acid  solution  of  parabromor/^onitrophenol  was 
saturated  with  chlorine,  and  allowed  to  cool.  The  product  was  con- 
verted into  potassium  salt,  which  was  orange-yellow,  and  was  not 
further  examined. 

Action  of  Chlorine  on  Orthonitrophenol. 

Chlorine  was  passed  into  a  hot  acetic  acid  solution  of  orfj^onitro- 
phenol.  On  converting  the  product  into  potassium  salt,  it  was  found 
to  consist  solely  of  or^/ionitrophenol-derivative,  the  last  portions  of 
the  mother-liquor  being  carefully  evaporated  and  examined  under  the 
microscope. 

Action  of  Chlorine  on  Dichlorovih.onitrophenol. 

These  experiments  have  led  to  no  positive  result  as  regards  isomeric 
change,  but  it  may  be  well  to  give  them  in  detail,  in  order  that  they 
may  appear  final. 

I.  10  grams  of  dichlorori/ionitrophenol  was  dissolved  in  100  c.c.  of 
glacial  acetic  acid,  and  the  boiling  solution  saturated  with  chlorine ; 
after  standing  some  time,  the  solution,  from  which  brilliant  scales  of 
chloranil  had  deposited,  was  divided,  half  was  poured  into  water,  and 
the  precipitated  compound  converted  into  potassium  salt,  whilst  the 
other  half  was  again  saturated  with  chlorine,  placed  in  a  bottle  with 
the  stopper  wired  down,  and  heated  in  a  water-bath  at  100°  for  three 
hours  :  it  was  then  filtered  from  chloranil,  thrown  into  water,  and 
converted  into  potassium  salt.  Nothing  but  unaltered  compound  was 
obtained  from  either  portion. 

II,  10  grams  of  dichlororthonitrophenol  was  suspended  in  50  c.c. 
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of  chlorine- water,. and  heated  in  a  bottle  at  100°  for  seven  hours.  On 
testing  a  portion  of  the  product,  it  was  found  to  consist  of  unaltered 
substance.  The  aqueous  liquid  was  then  removed  at  the  pump,  and 
the  substance  transferred  to  a  larger  bottle,  300  c.c.  chlorine-water 
added,  and  then  heated  at  100°,  as  usual,  for  six  hours.  On  opening 
the  bottle,  it  was  found  that  there  was  considerable  pressure  ;  oxides 
of  nitrogen  were  given  off,  and  there  was  a  strong  odour  of  chloro- 
picrin.  The  portion  soluble  in  potassium  carbonate  solution  con- 
sisted, however,  entirely  of  unaltered  dichloror^/ionitrophenol  salt. 

Nitration  of  Orthochloro'pa,ri[b7-omophenol. 

Or//iochloro/)arabromophenol  was  prepared  as  stated  in  a  previous 
portion  of  the  paper  by  chlorinating  parabromophenol  with  SO2CI2 ; 
the  parabromophenol  employed  was  pure,  but  the  chlorination  product 
was  not  examined,  further  than  it  was  found  to  consist  of  colourless 
needles.  The  experiment  to  be  described  was  carried  out  as  follows  : 
38  grams  of  pure  parabromophenol  was  fused  in  a  flask,  and  after 
cooling  somewhat,  but  not  to  the  solidifying  point,  29  grams  of 
SOoClz  was  slowly  run  in  with  constant  shaking.  It  was  then 
allowed  to  stand,  after  which  it  was  first  freed  from  acid,  and  after- 
wards  dissolved  in  about  200  c.c.  glacial  acetic  acid,  and  the  solution 
warmed  with  a  slight  excess  of  nitric  acid  (sp.  gr.  1"42).  After 
standing,  it  was  thi^own  into  water,  and  the  precipitated  nitro-com- 
pound  filtered  off  at  once :  when  dry  it  weighed  35  grams.  From 
the  mother-liquor,  a  further  quantity  of  nitro-compound  precipitated 
on  standing,  which  was  found  to  give  a  yellow  potassium  salt ;  the 
latter,  on  recrystallisation,  was  obtained  in  long,  yellow  needles. 
Analysis : — 

0-2076  gram  lost  00126    gram   at   120°   and   gave  0-0612   gram 
K2SO4. 

Theory, 

C6H2ClBr(N02)-OK,HoO.  Found. 

H2O 5-83  p.  c.  606  p.  c. 

K 12-64    „  1319     „ 

From  the  above  numbers  as  well  as  from  the  melting  point  of  the 
phenol,  137°  with  decomposition,  there  is  no  doubt  whatever  that 
this  compound  was  potassium  chlorobromoparanitrophenol  (compare 
this  vol.,  p.  67). 

The  main  portion,  which  was  also  converted  into  potassium  salt, 
was  found  to  consist  chiefly  of  orthochloroparabromorthonitropbenol 
melting  at  114°,  but  orthochlorodinitrophenol  melting  at  110°  was 
also  separated.     The  following  are  the  analytical  results  : — 
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Potassium  OrthocJi lorojparahromortJwnitrophenol. 

I.  0-2319  gram  dried  at  100°  gave  0-0717  gram  K^SOi. 
II.  0-1963  „  „  0-0598 


Found. 


Theory. 


C6H2ClBr(NOo)-OK.  I.  ~U. 

K 13-42  p.  c.  13-84        13-64  p.  c. 

Potassium  Orthochlorodinitrophenol. 
0-2746  gram  lost  0-0150   gram   at   130°   and   gave   0-0870    gram 

Theory. 

C6H2Cl(NOo)o-OK,H20.  Found. 

H.;0 655  p.  c.  5-46  p.  c. 

K 14-20     „  14-20     „ 

Action  of  Bromine  on  Parachlororihonitrophenol  {correction'). 

In  my  former  work  the  mistake  to  which  I  have  already  alluded 
must  have  occurred  somewhat  in  the  following  manner : — The  first 
portions  of  ^aracblorori^Aonitrophenol  which  I  used  I  took  the  trouble 
to  thoroughly  purify  by  conversion  into  a  salt  and  recrystallisation 
{loc.  cit.,  787),  but,  in  some  of  the  subsequent  experiments,  I  made  use 
of  a  nitro-compound,  which  had  been  obtained  from  crude  mono- 
chlorophenol,  and  which  was  consequently  contaminated  with  ortho- 
chlorophenol,  and  it  would  seem  that  in  the  experiments  in  which  I 
decided  that  isomeric  change  had  taken  place,  the  chloronitro- 
compound  must  have  consisted  almost  entirely  of  orthochlorortho- 
nitrophenol,  since  the  substance  I  obtained  by  the  action  of  bromine 
at  a  high  temperature  undoubtedly  consisted  chiefly  of  or^Aochloro- 
pa?-abromor^7ionitrophenol. 

In  repeating  this  work,  10  grams  of  parachlororthonitrophenol, 
which  had  been  very  carefully  prepared  from  solid  ^'c^rwchlorophenol 
and  had  the  correct  melting  point  87°,  was  dissolved  in  glacial  acetic 
acid,  and  the  solution  heated  to  boiling;  9-5  grams  of  bromine 
(1  mol.)  was  then  weighed  out  and  slowly  added  to  the  solution  ;  when 
half  the  bromine  had  been  run  in,  the  solution  was  again  heated  to 
boiling,  and  the  remainder  of  the  bromine  added  slowly  as  before ; 
after  the  addition  of  all  the  bromine,  the  mixture  was  again  heated, 
and  finally  allowed  to  cool  and  poured  into  a  large  bulk  of  water. 
The  crude  substance,  after  crystallisation  from  spirit,  melted  at 
123 — 124°.     On  conversion  into  potassium  salt,  the  latter  was  first  of 
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all  obtained  in  dark-coloured  plates,  but  these  on  recrystalHsation 
from  water  bad  the  form  of  delicate  red  needles,  which  gave  On 
analysis  K  =  1367  per  cent. — theory  requires  13"43  per  cent. — and  on 
decomposition  with  acid,  a  nitro-compound,  which,  when  crystallised 
from  spirit,  melted  at  125^  (compare  this  vol.,  p.  60). 

The  calcium  salt  was  obtained  in  small,  dark-red,  glistening  plates. 
Analysis  : — 

I.  0-3646  gram  lost  0-0424  gram  at  100—180°,  and  gave  0-0789 
gram  CaS04. 
II.  0-3555  gram  gave  0-0765  gram  CaSOi. 

III.  0-2667  „  0-2869  silver  precipitate. 

IV.  0-3U20  „  0-3245 

Found. 

Theory.  r~~ ^ ^ — ^ 

[C6H2ClBr(N02)OjjCa,lH20.  I.  II.         III.  IV. 

H,0 11-70  p.  c.  11-63      _        _         _ 

Ca 6-50     „  6-36     6-33       —         — 

^\ 37-56    „  —        —      37-55    37-39 

Br  J 

The  various  specimens  of  this  calcium  salt  which  gave  these 
analytical  numbers  were  obtained  from  different  portions  of  a  solution, 
so  that  there  is  no  doubt  as  to  the  homogeneity  of  the  same.  On 
decomposing  a  portion  with  acid,  and  crystallising  the  resulting 
compound  from  spirit,  it  was  found  to  melt  at  125°. 

Nitration  of  I*a,va,chlororih.obromorthoidtrophe)wl. 

In  order  that  the  constitution  of  the  foregoing  compound  might  be 
further  confirmed,  4  grams  of  the  crude  substance,m.  p.  123 — 124° 
(see  above),  was  dissolved  in  hot  glacial  acetic  acid,  and  a  slight 
excess  of  nitric  acid  (sp.  gr.  1-42)  added.  The  solution  was  again 
heated  to  boiling.  On  cooling,  needle-shaped  crystals  separated.  The 
compound  was  converted  into  the  potassium  salt,  which,  after  recrys- 
talHsation from  water,  was  obtained  in  long,  lightish-red  needles. 
Analysis : — 

0-2162  gram  dried  at  100°  gave  0-074  gram  K.SOi. 

Theory. 
C6HoCi(N0,)o-0K.  Found. 

K 15-2Up.  c.  15-31  p.  c. 

On  decomposition  with  acid,  a  nitro-compound  was  obtained  which 
melted  at  78 — 79°.  The  melting  point  of  parachlorodinitrophenol  is 
80-5°. 

VOL.  LV.  2    T 
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The  constitution  of  the  compound  obtained  by  brominating  para- 
chloror^/ionitrophenol  at  a  high  temperature  is,  therefore,  parachlor- 
ori^obromor^/ionitrophenol,  or,  in  other  words,  it  is  a  normal  product. 

Nitration  of  ParahroviortJiocMorortlionitrop'henol. 

This  substance  was  nitrated  in  a  manner  similar  to  the  foregoing 
isomeride.  The  potassium  salt  of  the  product  was  obtained  in  bright 
yellow  needles.     Analysis  : — 

0-2312  gram  lost  0-0153  gram  at  120°  and  gave  00736  gram  K3SO,. 

Theory. 
C3H2Cl(NO,.)2bK,H20.  Found. 

H3O   6-55  p.  c.  6-61  p.  c. 

k' 14-20     „  U-23     „ 

The  phenol  from  this  melted  at  1 10°,  which  is  the  correct  melting 
point  for  o?-i^ochlorori/iopa?-adinitrophenol. 

My  experiments  serve  to  show  that  there  is  a  tendency  for  bromo- 
derivatives  of  o?-/7ionitrophenol  to  be  converted  into  those  of  para- 
nitrophenol  when  heated  with  bromine  and  water,  although  they 
throw  no  light  on  the  exact  manner  in  which  the  change  takes 
place.  It  might  appear  that  the  production  of  paraquinone- 
derivatives  from  those  of  orthonitropheuol  necessitated  the  trans- 
ference of  the  N02-group  from  the  ortho-  to  the  para-position,  but 
this  view  is  excluded  by  the  fact  that  whereas  dichlororthonitro- 
phenol  is  readily  converted  into  a  paraquinone-derivative  when 
heated  with  bromine  and  water,  dichlorojsaraphenol  is  certainly  not 
pi'oduced  in  the  reaction. 


LVII. — Benzyl-derivatives  of  the  Phenylenediamines. 

By  Raphael  Meldola,  F.R.S.,  and  J.  H.  Coste. 

In  a  paper  published  last  year  by  one  of  the  authors  and  E.  H.  R. 
Salmon  (Trans.,  1888,  774)  it  was  shown  that  para-  and  meta- 
nitraniline  could  be  readily  benzylated  by  heating  with  benzyl  chloride 
in  the  presence  of  aqueous  caustic  soda  solution.  As  the  benzyl- 
derivatives  of  the  corresponding  diamines  have  not  hitherto  received 
much  attention,  we  have  thought  it  desirable  to  prepare  these  com- 
pounds and  some  of  their  derivatives  in  order  to  study  the  effect 
produced  upon  the  properties  of  these  derivatives  by  the  presence  iu 
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the  molecule  of  a  Heavy  positive  radicle  such  as  benzyl.  l)ibeiiz\  I- 
pai-aphenylenediamine  has  been  described  iu  a  })aper  published  by 
Matzudaira  (Ber.,  1887,  1614). 

Benzylpakaphenylenediamine. 

Benzylparaniti'aniline  was  reduced  by  boiling  the  alcoholic  solution 
with  tin  and  hydrochloric  acid ;  the  alcohol  was  distilled  oil  and  the 
tin  precipitated  by  sulphni^tted  hydrogen.  On  evaporating  the 
solution,  white,  scaly  crystals  separated  out,  and  after  purification  by 
dissolving  in  water,  filtering,  and  again  evaporating  in  the  presence 
of  excess  of  hydrochloric  acid,  the  salb  was  obtained  in  the  form  of 
lustrous,  white  scales  which  proved  to  be  the  dihydrochloride  : — 

0'1588  gram  burnt  with  lime  gave  0'1639  gram  AgCl. 
0"1135  gram  gave  9'7  c.c.  moist  N  at  9°  C.  and  764'3  mm.  bar. 

Caleulated  for 

CI 26-19  26-35 

N 10-;33  10-33 

The  dihydrochloride  is  readily  soluble  in  hot  and  cold  water,  and  is 
thrown  out  in  the  crystalline  form  by  the  addition  of  hydrochloric 
acid.  The  salt  is  almost  insoluble  in  cold  alcohol.  The  aqueous 
solution,  not  containing  an  excess  of  acid,  has  the  following  proper- 
ties : — 

Ferric  chloride  produces  a  gi*een  colour  at  first  but  this  soon 
changes  into  red,  the  latter  colour  becoming  more  pronounced  on 
heating  the  solution  and  an  odour  of  benzaldehyde  being  at  the  same 
time  evolved.  Potassium  chromate  produces  a  deep  bluish-greon 
precipitate  which  on  boiling  becomes  red  and  gives  off  benzaldehyde. 
Bromine-water  produces  a  green  colour  which  changes  to  red  on 
standing.  When  the  solution  is  saturated  with  sulphuretted  hydrogen,, 
the  addition  of  ferric  chloride  causes  a  blue  precipitate  of  a  colouring 
matter  belonging  to  the  methylene-blue  group. 

The  free  base  is  precipitated  on  adding  alkali  to  the  aqueous 
solution  of  the  dihydrochloride  in  the  form  of  an  ochreous  precipitate, 
which  under  the  microscope  is  seen  to  consist  of  an  emulsion  of  oily 
globules.  On  extracting  the  oil  by  agitating  ^vith  ether,  and  allowing 
the  ethereal  solution  to  evaporate,  the  base  separates  as  an  oil  which 
solidifies  to  a  crystalline  mass  on  standing  for  some  hours.  The 
crystals  consist  of  moss-like  aggregations  having  a  melting  point  of 
30°.     The  base  soon  becomes  red  by  oxidation  on  exposure  to  the  air. 


2  T  2 
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Diacety  l-deriva  live. 

The  dry  diliydrocliloride  was  suspended  in  glacial  acetic  acid,  dry 
sodium  acetate  added,  and  the  mixture  boiled  for  about  half  an  hour 
with  the  addition  of  acetic  anhydride.  On  diluting  with  water  and 
nearly  neutralising  with  ammonia,  a  whitish,  resinous  substance 
separates  out.  The  latter  is  readily  soluble  in  boiling  alcohol,  and 
separates  from  the  saturated  solution  on  cooling  in  the  form  of  a 
viscid  resin  which  solidifies  to  a  crystalline  cake  on  standing  for  some 
<lays.  The  substance  crystallises  from  dilute  alcohol  in  the  form  of 
colourless,  hexagonal  pi'isms  with  oblique  ends  having  a  melting 
point  of  116"6 — 117°.  Analysis  showed  that  the  compound  was  the 
diacetyl-derivative. 

0-1015  gram  gave  0-2680  gram  COo  and  0-0612  gram  HoO. 
0'1080  gram  gave  91  c.c.  moist  IS"  at  10-5°  C.  and  764  mm.  bar. 

Calculated  for 

U6±i4^j^jj.C2H30  •             Found. 

C 72-34  7201 

H 6-38  6-70 

N 9-92  10-12 

Dihenzoyl-derivati>ve. 

Some  of  the  dry  dihydrochloride  was  boiled  for  about  an  hour  with 
benzoyl  chloride  and  anhydrous  sodium  benzoate.  The  product  was 
washed  repeatedly  with  hot  water  and  finally  with  dilute  ammonia, 
and  then  dissolved  in  hot  dilute  alcohol  and  the  solution  allowed  to 
cool.  The  substance  sej>arates  out  as  an  oil  which  on  standing  for 
some  days  solidifies  to  a  crystalline  cake  consisting  of  aggregations 
of  white  needles  having  a  melting  point  of  124°. 

0-1033  gram  gave  0-3008  gram  CO,  and  0-0522  gram  H20. 
0-1532  gram  gave  8-7  c.c.  moist  N  at  125°  C.  and  755-5  mm.  bar. 

Calculated  for 

^fi^^^NH-C^HjO  •  Found. 

0 79-80  79-42 

H 5-42  6-61 

N 6-90  6-69 

Oxidation  of  BenzyljparapTienylene diamine  in  the  presence  of  other 
aromatic  Amines. 

It  is  well  known  that  by  the  oxidation  of  paradiaraines  in  the 
presence  of  other  amines,  certain  unstable  colouring  matters  belonging 
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to  the  group  of  indamines  arc  obtained.  In  order  to  prepare  a 
dibenzylated  indamine,  equal  molecular  proportions  of  the  crystallised 
benzylparaphenylenediamine  diliyilrochloride  and  benzylaniline  liydro- 
chloride  were  dissolved  in  water,  and  the  necessary  quantity  of  a 
solution  of  potassium  dichromate  gradually  stirred  into  the  well- 
cooled  and  dilute  solution  of  the  bases.  The  addition  of  the  oxidising 
agent  causes  the  separation  of  an  intense  greenish-blue  colouring 
matter,  which  is  no  doubt  the  dibenzylated  indamine  formed  according 
to  the  well-known  reaction  : — 

NHa-CeHi-NH-CHv  +  CeHs-NH-CvH,  -  213.,  = 
The  constitution  of  this  indamine  would  be — ■ 


The  presence  of  the  benzyl-groups  does  not  appear  to  confer 
increased  stability  upon  the  colouring  matter,  which  at  first  collects 
into  a  resinous  mass  of  an  intense  coppery  lustre  and  then  rapidly 
disintegrates,  at  the  same  time  losing  colour  and  passing  almost 
entirely  into  solution.  A  strong  odour  of  benzaldehj'de  is  perceptible 
from  the  beginning  of  the  oxidation  of  the  mixed  bases.  After  being 
allowed  to  stand  for  some  time  in  the  cold,  the  solution  is  filtered  to 
remove  a  small  quantity  of  some  insoluble  resinous  impurity,  and  the 
basic  substance  dissolved  in  the  solution  thrown  out  (mixed  with 
chromic  hydroxide)  by  means  of  ammonia.  The  greenish  precipitate 
is  collected,  washed  with  cold  water,  allowed  to  drain,  and  then 
extracted  with  boiling  alcohol  and  filtered.  The  filtrate  on  cooling- 
deposits  a  basic  substance  crystallising  in  ochreous  scales  melting  at 
149 — 151°.  A  specimen  of  this  base  was  analysed  with  the  following 
results : — 

0-1067  gram  gave  0-3235  gram  CO^  and  00613  gram  H^O. 
0"088o  gram  gave  8-7  c.c.  moist  N  at  14°  C.  and  759-3  mm.  bar. 

The  base  is  readily  soluble  in  boiling  benzene  and  less  soluble  in 
petroleum.  It  dissolves  in  dilute  hydrochloric  acid  on  warming,  but 
always  leaves  a  small  quantity  of  resinous  residue  and  gives  off  an 
odour  of  benzaldehyde  under  this  treatment.  The  solution  of  the 
hydrochloride  gives  a  greenish-blue  colouring  matter  on  oxidation 
with  ferric  chloride,  but  we  have  not  yet  been  able  to  ascertain 
whether  this  is  identical  with  the  original  indamine  or  not.  The 
most  obvious  view  with  respect  to  the  constitution  of  this  base  is  that 
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it  is  dibenzyldiamidodiplieriylarQine,  but  we  have  satisfied  ourselves 
that  this  is  not  the  case  by  preparing  some  of  the  indamine  in  the 
manner  described  and  then  immediately  reducing  it  by  means  of 
zinc-dust  and  acetic  acid.  The  decolorised  solution,  after  this  treat- 
ment, Avas  filtered,  precipitated  by  sodium  carbonate,  and  the  preci- 
pitate collected,  washed,  and  extracted  with  boiling  alcohol  as  before. 
The  alcoholic  filtrate  deposited  no  crystals  on  cooling,  and  on  dis- 
tilling off  the  solvent,  an  oily  base  was  obtained  which  did  not  solidify 
on  long  standing  and  which  could  be  readily  oxidised  back  into  a 
greenish-blue  colouring  matter  very  similar  to  if  not  identical  with 
the  original  indamine.  This  oily  base  is  no  doubt  dibenzyldiamido- 
diphenylamine  formed  from  the  indamine  in  accordance  with  the 
reaction  : — 

The  oily  base  on  acetylation  gave  an  acetyl- derivative  crystallising 
in  white  needles  melting  at  180°,  but  the  quantity  obtained  was  too 
small  for  analysis. 

A  more  extended  series  of  experiments  will  be  necessary,  in  order 
to  determine  the  nature  of  the  base  resulting  from  the  spontaneous 
decomposition  of  the  dibenzylindamine.  We  have  already  made 
several  preparations,  and  have  arrived  at  certain  conclusions,  which 
we  thiniv  it  desirable  to  make  known  at  the  pi'esent  stage  of  the  work, 
as  the  investigation  cannot  be  resumed  for  some  time  to  come.  The 
fact  that  the  substance  is  not  dibenzyldiamidodiphenylamine,  con- 
sidered with  the  circumstance  that  benzaldehyde  is  given  off  during 
the  reaction,  appears  to  indicate  that  the  compound  is  a  condensation 
product,  or  a  mixture  of  such  products  derived  from  benzaldehyde. 
On  this  view,  the  most  probable  formula  is  that  which  represents  the 
substance  as  a  benzylbenzylidene-,  or  as  a  dibenzylidene-diamido- 
diphenylamine.  The  analytical  results  do  not  enable  us  to  decide 
between  these  two  substances,  and,  in  fact,  we  are  disposed  to 
believe  that  both  of  them  may  be  formed  by  the  spontaneous  decom- 
position of  the  indamine  : — 

Calculated  for  Calculated  for 

TVrH^<=^6H4-N:CH-C6H5  ^     ^C6H4N:CHC6H5 

^"^C6H4-NHCHi-C6H5-  ^^^C6il4N:CHC6H,-  Found. 

C    82-76                                83-20  82-69 

H  6-10                                 5-60  6-38 

N 11-14                                11-20  11-55 

In  the  course  of  further  experiments,  we  always  obtained  a  crystal- 
line basic  compound  similar  in  properties  to  that  just  described 
(m.  p.  149 — 151°),    but    certain    wide    discx'epancies    in    the    melting 
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points  of  diiferent  preparations  liave  led  to  the  conclusion  tliat  the 
base  is  really  a  mixture  of  the  two  compounds  formulated  above.  It 
will  be  seen  that  these  two  substances  differ  only  by  two  atoms  of 
hydrogen.  By  crj^stallising  a  specimen  from  benzene,  we  obtained  a 
first  crop  of  crystals  melting  at  170°.  On  adding  petroleum  to  the 
motlier-liquor  a  second  crop  was  obtained,  the  melting  point  of  which 
was  168 — 170°,  and  by  allowing  the  filtrate  to  evaporate  in  a  dish  a 
third  crop  was  obtained,  of  which  the  melting  point  was  149—154°. 
These  three  fractions  differed  but  little  in  appearance  and  properties 
beyond  the  differences  in  solubility  and  melting  point.  They  all 
contained  about  the  same  quantity  of  nitrogen : — 

1st  crop.     0'0781   gram    gave    7"9   c.c.    moist   N   at   20°    C.    and 

756"3  mm.  bar  =:  11"51  per  cent. 
2nd  crop.     0"0647  gram   gave    6  1    c.c.   moist  N  at   18'5°   C.  and 

756'7  mm.  bar  =  ll'OG  per  cent. 
3rd  crop.     0'0-531   gram   gave     52  c.c.   moist  N  at  185°  C.  and 

758  mm.  bar  =  11-28  per  cent. 

"Which  of  these  fractions  represents  the  dibenzylidene-derivative 
and  which  the  benzylbenzylidene-compound  must  for  the  present 
remain  undecided.  It  would  appear  most  probable  that  the  first 
fraction  having  the  higher  melting  point  is  the  dibenzylidene- 
derivative,  bat  this  question  can  only  be  settled  by  a  study  of  the 
action  of  benzaldehyde  on  paradiamidodiphenylamine,  and  a  com- 
parison of  the  products  thus  obtained  with  those  described  above. 

By  oxidising  equal  molecular  proportions  of  the  benzyl-diamine  and 
aniline  (both  in  the  form  of  hydrochlorides)  with  the  calculated 
quantity  of  potassium  dichromate,  a  greenish-blue  indamine  is 
formed,  which  in  the  course  of  about  half  an  hour  loses  its  colour 
and  decomposes  with  the  evolution  of  benzaldehyde.  Nothing 
definite  has,  however,  been  isolated  from  the  products  of  decomposi- 
tion. A  red  colouring  matter  was  found  among  the  latter,  which 
doubtless  belongs  to  the  azines. 

A  benzylated  saffranine  was  prepared  in  the  following  way.  One 
molecular  proportion  of  benzylparaphenylenediamine,  one  molecular 
proportion  of  benzylaniline,  and  one  molecular  proportion  of  aniline 
were  dissolved  in  the  form  of  hydrochlorides  in  boiling  water,  and 
oxidised  in  the  usual  way  by  adding  a  solution  containing  the 
calculated  quantity  of  potassium  dichromate.*     The  hot  solution  was 

*  Tn  the  abstract  of  this  paper  which  appears  in  the  Proceedings  (No.  71,  p.  116), 
there  is  an  error  which  I  may  take  the  jjresent  opportunity  of  correcting.  It  is 
there  stated  that  one  molecule  of  the  benzyl-diamine  and  two  molecules  of  benzyl- 
aniline  give  a  saffranine  when  oxidised  together.  This,  however,  is  not  the  case  ; 
the  above  statement  is  the  actual  record  of  the  experiment. — R.  M. 
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filtered  as  soon  as  the  reaction  was  complete,  and  the  colouring 
matter  thrown  out  by  the  addition  of  common  salt.  The  safPranine 
thus  formed  presented  no  characters  of  special  interest,  and  its 
investigation  was  not  pursued  in  detail.  The  red  aqueous  solution  of 
the  chloride  becomes  blue  on  adding  excess  of  hydrochloric  acid;  the 
alcoholic  solution  of  the  colouring  matter  is  violet,  with,  a  reddish 
fluorescence  which  is  not  destroyed  by  ammonia. 

Diazo-  and  Azo-derivatives  of  Benzylparaphenylenediamine. 

The  free  amido-group  of  the  benzyl-diamine  is  readily  diazotised 
by  treating  the  solution  of  the  hydrochloride  with  sodium  nitrite  in 
the  usual  way.  The  solution  of  the  diazo-chloride  thus  formed  is 
always  rendered  turbid  by  the  presence  of  a  small  quantity  of  some 
ochreous  precipitate  which  is  simultaneously  produced  by  the  action 
of  the  nitrous  acid.  After  filtration,  the  clear  solution  shows  all  the 
characters  of  a  solution  containing  a  diazo-salt.  Platinum  tetra- 
chlojnde  produces  a  copious  precipitate  of  an  ochreous  colour,  show- 
ing under  the  microscope  no  trace  of  crystalline  structure.  The 
analyses  of  a  specimen  of  this  platinum  salt,  dried  under  a  desiccator 
in  a  vacuum,  gave  numbers  which  could  not  be  made  to  agree  with 
any  formula,  and  we  are  inclined  to  believe  that  the  platinic  salt  acts 
partly  as  an  oxidiser,  contaminating  the  product  with  oxidised 
impurities.  The  solution  of  the  diazo-chloride  reacts  with  phenols  in 
alkaline  solution,  forming  azo-compounds  of  the  type — 

CvHT-NH-CeHi-N^-Ph  (Ph  =  phenolic  residue). 

Of  these  compounds  we  have  prepared  and  examined  those  formed 
from  a-  and  /3-naphthol. 

Benzylamidohenzeneazo-x-napMliol. — On  mixing  a  solution  of  the 
diazotised  diamine  with  an  alkaline  solution  of  a-naphthol  nothing 
separates  out,  but  the  liquid  aquires  a  deep  red  colour  owing  to 
the  formation  of  the  azo-compound,  C7H7-NH*C6H4'N'2*CioHg*OH(«). 
The  latter  separates  from  the  alkaline  solution  on  the  addi- 
tion of  acid,  as  a  dark,  uncrystallisable  resin.  This  azo-compound 
dissolves  in  alcohol  with  an  orange  colour  becoming  red  on  the 
addition  of  alkali ;  it  dissolves  freely  with  a  red  colour  in  aqueous 
alkali,  and  in  strong  sulphuric  acid  with  a  violet  colour,  becoming 
redder,  and  finally  precipitating  on  dilution. 

Benzylamidobenzeneazo-13-naphihol. — The  addition  of  the  diazo- 
chloride  solution  to  the  /3-naphthol  dissolved  in  caustic  soda  causes 
the  precipitation  of  a  reddish-brown  azo-compound,  which,  after 
being  collected,  washed,  and  dried,  forms  a  resinous  mass  having  a 
slight  metallic  lustre.     The  substance  dissolves  but  slightly  in  alcohol 


OF   THE   PHENYLENEDI AMINES.  597 

or  benzene,  but  more  freely  in  chloroform,  the  solution  being  of  an 
intense  orange-brown  colour.  Bj  adding  alcohol  to  the  chloroform 
solution  and  allowing  the  solvents  to  evaporate  slowly,  the  substance 
was  obtained  as  a  crust  of  small,  warty  crystals,  having  a  greenish 
metallic  lustre  and  melting  at  about  124°.  The  melting  point  was 
not  changed  after  a  second  crystallisation  from  chloroform  and. 
alcohol. 

0'104G  gram  gave  10*7  c.c.  moist  N  at  14°  C.  and  7045  mm.  bar. 

Calculated  for 
CyH-Nn-CeHrN.yCjyll^-OHOS).  Found. 

N...........      11-89  12-10 

This  azo-compound  dissolves  in  strong  sulphuric  acid  with  a 
magenta-red  colour,  which  becomes  more  orange  on  dilution,  the 
substance  being  finally  precipitated  in  an  unaltei'ed.  state. 

Bexztlmetaphenylenediamine. 

This  substance  was  prepared,  by  the  reduction  of  benzylmetanitr- 
aniline  in  precisely  the  same  way  as  the  corresponding  paradiamine. 
After  removing  the  tin  as  sulphide,  the  solution  was  evaporated,  and 
a  dense,  brownish  crystalline  deposit  of  the  dihydrochloride  was 
obtained.  The  crystals  appear  to  consist  of  rhombohedra  built  up  of 
laminaj.  By  allowing  a  drop  of  the  solution  to  evaporate  on  a  watch- 
glass,  the  crystals  were  seen  under  the  microscope  to  consist  of  elon- 
gated hexagonal  tablets. 

0-1685  gram  gave  0-1754  gram  AgCl. 

Calculated  for 

CI 26-19  25-76 

The  free  base  is  an  oil  which  does  not  solidify  on  long  standing. 
The  aqueous  solution  of  the  dihydrochloride  gives  with  ferric  chloride 
a  red  colour,  which  changes  into  orange-brown  on  standing ;  the 
colour  at  first  becomes  deeper  on  heating,  and  a  whitish  product  of 
oxidation  then  separates.  The  addition  of  potassium  dichromate 
causes  an  immediate  precipitation  of  the  whitish  product  of  oxidation. 
Platinic  chloride  also  acts  as  an  oxidiser,  giving  a  dark,  amorphous 
precipitate  containing  platinum.  Sodium  nitrite  gives  a  reddish- 
brown  precipitate,  which  appears  to  consist  of  a  mixture  of  an  azo- 
and  a  diazo-compound.  This  was  shown  by  the  decomposition  of  the 
substance  with  the  evolution  of  nitrogen  during  an  attempt  to  obtain 
a  pure  specimen  by  crystallisation  from  alcohol.     The  diacetyl-deri- 
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vative  of  the  diamine  was  prepared  by  heating  some  of  the  dihydro- 
chloride  with  acetic  acid,  dry  sodinm  acetate,  and  acetic  anhydride ;  it 
proved  to  be  an  uncrystallisable,  resinous  substance. 

Dibenzoyl-derivative, 

This  compound  was  prepared  by  heating  the  dihydrochloride  with 
benzoyl  chloride  and  dry  powdered  sodium  benzoate  in  a  flask  at  the 
temperature  of  boiling  water.  If  this  temperature  is  exceeded,  the 
reaction  takes  a  different  course,  and  resinous  products  are  formed. 
The  benzoylation  is  complete  in  about  an  hour,  and  the  contents  of 
the  flask  are  well  washed  with  hot  water,  and  finally  with  dilute 
ammonia.  The  resinous  product  is  dissolved  in  hot  dilute  alcohol 
and  allowed  to  crystallise,  when  the  dibenzoyl-derivative  is  obtained 
in  the  form  of  colourless,  rhomboidal  tablets,  melting  at  178°. 

0'0954  gram  gave  5'7  c.c.  moist  N  at  175°  C.  and  754"5  mm.  bar. 

Calculated  for 
p  ^  ^N(CjH;)C.H50 
^6ii4^]Nfjj.C;H50         •         Found. 

N 6-86  6-86 

Oxidation   of   a   Mixture   of  Benzylmeta-    and  Benzylpara-phenylene' 

diamine. 

Equal  molecular  proportions  of  the  two  diamines  in  the  form  of 
their  dihydrochlorides  were  dissolved  in  cold  water,  and  the  necessary 
quantity  of  a  solution  of  potassium  dichromate  added.  A  bulky  pre- 
cipitate of  a  deep  indigo-blue  colour  at  once  separates.  This  colouring 
matter  (indamine)  was  collected,  washed  well  with  cold  water,  in 
which  it  is  practically  insoluble,  drained,  and  dried.  The  compound 
when  dry  forms  a  blue  powder,  very  similar  in  appearance  to  indigo. 
We  have  not  been  able  to  obtain  the  substance  sufficiently  pure  to 
confirm  its  formula  by  analysis,  as  it  is  insoluble  in  water,  and  although 
soluble  in  alcohol,  does  not  crystallise  from  this  solvent.  There  can 
be  but  little  doubt,  however,  that  the  compound  is  a  dibenzyl-amido- 
indamine : — 

C7H,-N:C6H4:N-C6H3(NH)2'NH-C7H„or 

H        B 
/C^=:C 


The  indamine   is    fairly   stable   in   alcoholic  solution,  and  can   be 
boiled  for  some  time   in  the  presence  of  this  solvent  without  under- 


OF   THE   PIlEXyLENEDIAMINES.  r)09 

going  decomposition.     The  solution  is  of  an  intense  blue  colour,  wliicli 

is  changed  to  x-ed  both  by  acids  and  alkalis.     The  base  thrown  out  by 

the   addition   of  an  alkali  rapidly  changes   into  the  azine.     Platinic 

chloride  added  to  the   alcoholic  solution  causes  the  separation  of  a 

deep  indigo-blue,  amorphous  precipitate.      A  specimen  of  this  platino- 

chloride,  collected  and  washed   with  alcohol  till  the  washings   came 

through  colourless,  gave  on  analysis  numbers  approximating  to  the 

formula  (Co6H>iNi'HCl)iPtCl4,  but  it  was  not  found  possible  to  obtain 

this  salt  in  a   state  of  perfect   purity.     The  indamine  on  reduction 

might  be  expected  to  furnish  dibenzyltriamidodiphenylamine,  but  the 

reduction  product  passes   back  into   the  indamine  so  rapidly  by  the 

action  of  atmospheric   oxygen,   that  our  efforts  to  isolate  this  base 

were  nnsuccessful.      On  boiling  the  indamine  suspended  in  water  made 

slightly  acid    with   hydrochloric  acid,    the    azine    is    readily  formed. 

N 
This  compound  has  the  formula  C7H,-NH-C6H3<  I  >C6H3-NH-C,H7, 

and  is  a  dibenzyl-derivative  of  diamidophenazine.  The  hydrochloride 
and  the  base  are  both  insoluble  in  w^ater,  and  could  not  be  obtained 
in  a  crystalline  form.  The  base  is  slightly  soluble  in  alcohol,  the 
solution  being  red,  with  a  greenish  fluorescence.  The  hydrochloride  is 
readily  soluble  in  alcohol,  the  solution  being  of  an  intense  red,  which  is 
changed  to  violet  by  excess  of  hydi-ochloric  acid.  On  adding  platinic 
chloride  solution  to  the  alcoholic  solution  of  the  hydrochloride,  a 
reddish-brown,  amorphous  platinochloride  is  precipitated.  A  speci- 
men of  this  salt,  collected  and  washed  repeatedly  with  alcohol  and 
dried  in  the  water-oven,  gave  the  following  results  : — 

0"0123  gram  gave  00020  gram  Pt  =  16  26  per  cent. 

This  agrees  with  the  formula  (C26H22N4*HCl)2PtCl4,  which  requires 
16'34  per  cent,  of  Pt.  A  chlorine  determination  in  the  platinum  salt 
showed,  however,  that  the  compound  was  still  impulse,  and  want  of 
material  prevented  further  attempts  at  purification. 

A  specimen  of  the  azine-base  was  analysed,  with  the  following 
results  : — 

0"1671  gram  dried  for  some  days  under  a  desiccator  in  a  vacuum 
over  calcium  chloride,  and  then  dried  in  the  water-oven  till 
the  weight  was  constant,  lost  0*0064  gram  :=  3"83  per  cent. 

0']208  gram  (dried  in  water-oven)  gave  13'9  c.c.  moist  N  at  21° 
and  762'6  mm.  bar. 

The  base  dried  under  a  desiccator  thus  appears  to  contain  3  mols. 
of  water,  one  of  which  is  given  off  at  100^. 
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Loss  calculated  for 
0051100X4- 3HoO  -  HoO.  Found. 

H2O .*.."     4-05  8-83 

Calculated  for 
Co6Ho2N4;2H20.  Found. 

N ....*    1314  1311 

The  azine  dissolves  in  strong  hydrochloric  acid,  giving  a  dull,  slate- 
coloured  solution.  In  strong  sulphuric  acid  it  dissolves  with  an 
ochreous  colour,  which  first  becomes  greenish,  then  violet,  and  finally- 
red  on  dilution  with  water. 

Tetrabenzylparaphenylenedia^ine. 

This  compound  was  in  the  first  place  obtained  in  the  course  of  an 
attempt  to  prepare  a  symmetrical  dibeazylparaphenylenediamine 
isomeric  with  that  described  by  Matzudaira  (Ber.,  1887,  1614). 
Paraphenylenediamine  sulphate  was  dissolved  in  water,  the  necessary 
quantity  of  benzyl  chloride  (two  molecular  proportions)  added,  and 
the  solution  made  alkaline  lyith  caustic  soda.  The  contents  of  the 
flask  w^ere  kept  ju;st  at  the  bpiling  point  for  about  two  days,  the 
reaction  being  promoted  by  frequent  agitation.  The  product  con- 
sisted of  a  semi-^olid  mass,  which  was  washed  with  water,  aud  then 
extracted  two  or  three  times  with  hot  alcohol,  in  which  the  greater 
portion  remained  undissolved.  The  substance  was  then  crystallised 
from  glacial  acetic  acid,  and  finally  from  benzene  and  petroleum. 
The  analytical  results  showed  that  the  substance  was  the  tetrabenzyl- 
derivative,  and  subsequent  experiments  showed  that  the  benzylation 
always  proceeded  further  than  the  formation  of  the  dibenzyl- 
diamine. 

In  order  to  prepare  the  tetrabenzyl- derivative,  it  is  only  necessary 
to  heat  paraphenylenediamine  or  its  monobenzyl-derivative  with  the 
necessary  quantity  of  benzyl  chloride,  in  the  presence  of  aqueous 
caustic  soda,  in  the  manner  above  described.  When  the  reaction  is 
complete,  the  product  forms  a  brittle  resin,  which  can  be  purified  by 
crystallisation  from  glacial  acetic  acid,  and  then  from  benzene  and 
petroleum.  A  specimen  thus  purified  was  obtained  in  the  form  of  a 
Avhite,  crystalline  powder,  melting  at  149°.  After  another  ci-ystal- 
lisation,  by  dissolving  in  chloroform  and  throwing  out  by  the  addition 
of  alcohol,  the  melting  point  remained  unaltered. 

0  0861  gram  gave  0-2735  gram  CO,  and  0-0581  gram  H2O. 
0"1167  gram  gave  6  c.c.  moist  N  at  20°  C.  and  7661  mm.  bar. 
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Caleulati'fl  for 
^6"^\X(CjH7)j-  Found. 

C 87-18  8&64> 

H 673  7-46 

N 5-98  5-92 

Tetrabenzylparaphenylenediainine  possesses  no  basic  properties. 
It  dissolves  with  difficulty  in  boiling  alcohol,  acetone,  or  petroleum, 
separating  from  these  solvents  on  cooliug  in  the  form  of  slender, 
white  needles,  having  a  silky  lustre.  The  substance  dissolves  readily 
in  chloroform,  benzene,  and  cai-bon  disulphide ;  less  freely  in  cold 
ether.  The  solution  in  hot  glacial  acetic  acid  deposits  the  substance 
on  slow  cooling,  in  the  form  of  dense,  colourless,  prismatic  needles. 
In  its  behaviour  towards  oxidising  agents  the  substance  closely 
resembles  the  corresponding  tetramethyl-derivative  described  by 
Wurster  (Ber.,  1886,  3195).  The  tetrabenzyldiamine,  when  dry, 
does  not  discolour  on  exposure  to  the  air,  but  its  solution,  in  certain 
solvents,  gradually  acquires  a  blue-violet  colour.  This  was  first 
noticed  in  the  case  of  the  acetic  acid  solution,  which  becomes  deeply 
coloui-ed  on  heating,  and  on  continuing  to  boil  the  colour  gradually 
disappears.  On  cooling,  the  acetic  acid  solution  again  becomes  slowly 
coloured.  The  addition  of  a  chromate  to  the  acid  solution  causes  the 
immediate  separation  of  an  intense  blue-violet  colouring  matter.  We 
have  not  prepared  this  colouring  matter  in  sufficient  quantity  to  make 
an  analysis  of  it,  but  Wurster  states  that  the  corresponding  tetra- 
methyl-violet  differs  from  the  tetramethyldiamine  only  by  two  atoms 
of  hydrogen,  and  he  assigns  a  formula  Avhich,  by  analogy,  would 
lead  to  the  following  formula  for  the  hydrochloride  of  the  tetrabenzyl- 
violet  : — 

CI /CH.-CeH^ 
N^CHo-CsHs 


■CH^-CeH. 


^\N<; 


White  filter-paperj  wetted  with  a  benzene  solution  of  the  tetra- 
benzyldiamine and  allowed  to  dry,  can  be  used  as  a  test  for  "active  " 
oxygen,  in  the  same  way  as  Wurster's  tetramethylparaphenylene- 
diamine  paper.  When  sodium  nitrite  is  added  to  the  acetic  acid 
solution  of  the  tetrabenzyldiamine,  the  violet  colouring  matter  is  first 
produced,  and  as  the  nitrous  acid  continues  to  act,  the  colour 
gradually  changes  to  orange,  and  the  addition  of  water  then  pre- 
cipitates an  orange  resinous  substance,  which  is  probably  a  nitros- 
amine. 
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Tetrabenzylmetaphenylenediamine. 

This  compound  was  prepared  like  the  preceding,  by  heating  a 
solution  of  metaphenylenediamine  in  the  presence  of  excess  of 
aqueous  caustic  soda  with  the  calculated  quantity  of  benzyl  chloride. 
In  about  12  hours  the  benzylation  was  complete,  and  the  product 
formed  a  pitchy  mass,  which  was  washed  repeatedly  with  water,  and. 
then  with  hot  alcohol.  The  tetrabenzyldiamine  is  devoid  of  all 
basic  properties,  and  is  characterised  by  general  inertness ;  it  is  not 
acted  upon  by  sodium  nitrite  in  acetic  acid  solution,  so  that  a  nitroso- 
derivative  could  not  be  prepared  as  Witt  has  shown  to  be  possible  in 
the  case  of  the  corresponding  tetramethyl-derivative  (Ber.,  1886, 
877).  It  does  not  appear  to  be  nitrated  even  on  heating  with  fuming 
nitric  acid.  In  its  behaviour  towards  solvents  the  substance  closely 
resembles  the  corresponding  para-compound,  but  it  is  quite  uncrystal- 
lisable,  and  separates  from  its  solutions  as  a  resin.  A  specimen  was 
purified  for  analysis  by  dissolving  the  crude  substance  in  glacial 
acetic  acid,  and  precipitating  by  dilution  with  alcohol.  The  substance, 
after  being  collected  and  washed  with  alcohol,  formed  a  light  ochre- 
ous  powder,  non-crystalline,  and  having  a  melting  point  of  about 
80—81°. 

0-1328  gi^m  gave  7  c.o.  moist  N  at  18°  C.  and  755-8  mm.  bar. 

Calculated  for 
«^6ii4VN(C.H7)2"  Found. 

N 5-98         "  6-00 

Durino-  the  purification  of  the  substance  by  the  above  treatment  it 
was  noticed  that  some  bye- product,  having  an  intense  greenish 
fluorescence,  remained  dissolved  in  the  mother-liquor,  but  this  com- 
pound has  not  yet  been  isolated. 

Finsbury  Technical  College^ 
July,  1889. 
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LVIII. — Contributions  to  the  Chemistry  of  the  Azonaphthols . 
By  Raphael  Meldola,  F.R.S.,  and  Gilbert  T.  Morgan. 

I.  Alkyl-derivatives  of  Azo-/3-Napiithol  Compounds. 

In  a  recent  communication  on  this  subject  (this  vol.,  p.  114)  it  was 
pointed  out  that  the  evidence  derived  from  a  study  of  the  products  of 
reduction  of  the  azo-/3-uaphthol-alkoyl-derivatives,  indicated  that  the 
replaceable  atom  of  hydrog'en  was  attached  to  oxygen  and  not  to 
nitrogen  ;  a  conclusion  which  obviously  necessitates  the  rejection  of 
the  formulce  proposed  for  these  compounds  by  Liebermann  (23er.,  1883, 
2858)  and  Zincke  {Ber.,  1884,  8026).  Of  the  alkyl-derivatives  of  the' 
azo-/3-naphthol  compounds  the  only  one  which  has  been  studied  in 
any  detail  is  the  ethyl-derivative  of  benzeneazo-^-naphthol  (Wein- 
berg, Ber.,  1887,  3171).  A  quantity  of  this  substance  having  been 
placed  at  our  disposal  by  Dr.  Weinberg,  we  thought  it  of  sufficient 
interest,  in  connection  with  the  present  inquiry,  to  make  a  further 
study  of  the  products  of  reduction.  The  substance  forwarded  to  us 
by  Dr.  Weinberg  consisted  of  a  deep  orange-red,  viscid  oil,  which 
deposited  dense,  orange  crystals  on  standing  for  some  weeks.  The 
crystals  consisted  of  unaltered  benzeneazo-/J-naphthoI,  the  oily  portion 
consisting  of  the  ethyl-derivative,  saturated  with  the  dissolved  un- 
alkylated  compound.  We  afterwards  prepared  other  specimens  by 
cohobating  benzeneazo-/3-naphthol  dissolved  in  alcohol  with  equal 
molecular  proportions  of  potassium  hydroxide  and  ethyl  bromide  or 
iodide.  In  none  of  our  experiments  was  the  ethylation  complete,  and 
we  can  fully  confirm  Weinberg's  statement  that  the  product  always 
contains  a  certain  quantity  of  unalkylated  substance. 

The  fact  that  benzeneazo-/3-naphthol  cannot  be  alkylated  completely, 
diminishes  the  value  of  this  and  similar  compounds  for  the  particular 
purposes  of  our  present  investigation,  inasmuch  as  the  products  of 
reduction  of  the  mixture  must  necessarily  contain  amido-/i-naphthol. 
Sufficient  evidence  that  the  ethyl-group  is  attached  to  the  oxygen- 
atom  has,  however,  been  obtained  to  warrant  the  publication  of  the 
results.  The  oily  mixture  was  dissolved  in  alcohol  and  reduced  by 
adding  a  solution  containing  a  little  more  than  the  theoretical  quantity 
of  stannous  chloride.  The  mixture  was  allowed  to  stand  at  the 
ordinary  temperature  for  some  hours,  and  the  reduction  then  com- 
pleted by  gently  warming,  with  the  addition  of  some  more  tin  and 
hydrochloric  acid.  The  alcohol  was  distilled  off,  the  solution  diluted 
with  water,  filtered  in  order  to  remove  resinous  impurities,  and  the 
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filtrate  mixed  with  dilute  sulphuric  acid.  The  sulphate  of  the 
naphthylphenyl  base  slowly  separated,  and  after  being  collected 
aud  washed  with  cold  water,  was  purified  by  crystallisation  from 
boiling  water.  This  salt  and  the  free  base  were  found  to  possess 
the  characters  assigned  to  them  by  Weinberg,  and  were  not 
further  examined.  In  order  to  further  characterise  the  substance, 
the  acetyl-derivative  was  prepared  by  boiling  the  sulphate  with 
glacial  acetic  acid,  dry  sodium  acetate,  and  acetic  anhydride.  The 
product  thrown  out  by  dilution  with  water  was  crystallised  two  or 
three  times  from  alcohol,  and  then  formed  small,  flat,  whitish  needles, 
melting  above  288°.  Analysis  showed  the  compound  to  be  the  di- 
acetyl-derivative  of  the  diamido-naphthylphenylethoxy-compound  : — 

0-0760  gram  gave  0-2017  gram  CO.  and  0-0397  gram  HoO. 
0-0812  gram  gave  5-4  c.c.  moist  N  at  11°  C  and  759-6  mm.  bar. 

Calculated  for 

Ci-HosNiOa.  Foimd. 

C......; "72-92  72-66 

H 6-07  5-80 

N 7-73  7-92 

The  filtrate,  still  containing  tin  salts,  after  the  removal  of  the  snl- 
phate  of  the  naphthylphenyl-base,  was  saturated  with  sulphuretted 
hydrogen,  the  tin  sulphide  filtered  off,  and  the  filtrate  evaporated  to 
the  crystallising  point.  The  white,  crystalline  deposit  was  found  to 
consist  of  amido-/3-naphthol  salts,  the  base  being  identified  by  the 
usual  tests  as  well  as  by  conversion  into  the  dibenzoyl-derivative 
(m.  p.  226-5°,  Trans.,  1889,  121).  This  amido-/3-naphthol  is  doubt- 
less derived  from  the  unalkylated  benzeneazo-/3-naphthol. 

Three  formulse  are  possible  for  the  naphthylphenyl-base,  according 
to  the  view  taken  with  respect  to  the  positioa  of  the  ethyl-group, 


CeH^-NH,  CeHi-NH,  C6H4-NH-CoH5 

I.  II.  III. 

The  first  of  these  corresponds  to  the  old  formula  for  benzeneazo- 
y3-naphthol : — 

C,oHe<^JJ^(«^^  or  to  C,oHe<T>N-CeH,.* 

H 

*  Meldola,  Phil.  Mag.,  Nov.  1888,  403. 
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The  second  formula,  wliicli  represents  the  ethyl  attached  to  the 
nitrogen,  would  correspond  to  Liebermann's  formula — 

C,oHc<^(J^>N-C6H5. 

The  third  formula,  in  wliich  the  ethyl  is  attached  to  the  amidic 
nitrogen  of  the  phenyl  residue,  would  correspond  to  Zincke's  hydr- 
azone  formula : — 

CiuHo<T'-^^*^''^'  or  0:C,oH«:X-NH-C6Ha. 
O 

The  determination  of  the  number  of  amido-groups  in  the  naphthyl- 
phenyl  base  is  therefore  a  matter  of  considerable  importance,  as  by 
this  means  alone  is  it  possible  to  decide  between  the  different  formulae. 
Acetylation  is  obviously  of  no  avail  in  this  case,  as  a  free  hydroxyl- 
group  in  the  ortho-position  is  acetylated  quite  as  readily  as  an  amido- 
group  (this  vol.,  p.  121).  By  titration  with  sodium  nitrite,  Weinberg 
has  already  come  to  the  conclusion  that  two  amido-groups  are  present, 
in  which  case  formula  I.  must  be  regarded  as  established.  As  so 
much  depends  upon  the  decision  of  this  point,  we  thought  it  desirable 
to  obtain  further  evidence,  and  we  accordingly  prepared  the  secondary 
azo-compound  by  diazotising  the  naphthylphenyl-base  and  combining 
it  with  y3-uaphthol.  For  this  purpose,  the  hydrochloride  of  the  base 
was  dissolved  in  water,  and  treated  with  a  solution  containing  the 
calculated  quantity  of  sodium  nitrite  (two  molecular  proportions). 
After  standing  for  some  time,  the  solution  was  gradually  mixed  with 
a  well-cooled  solution  of  /3-naphthol  (two  molecular  proportions)  dis- 
solved in  caustic  soda.  A  deep  violet  precipitate  at  once  formed,  and 
this  was  collected,  washed,  and  dried.  The  azo-compound  had  to  be 
crystallised  several  times  from  glacial  acetic  acid  and  finally  from  a 
mixture  of  chloroform  and  alcohol  before  it  was  obtained  quite  pure. 
The  following  results  were  obtained  on  analysis  : — 

I.  00839  gi^am  gave  0-2371  gram  CO.,  and  00397  gram  H^O. 
11.  0-0915  „  0-2599         „  „       0-0448 

III.  0-0780  „  6-2  c.c.  moist  IST  at  15°  C.  and  771-1  mm.  bar. 

These  results  agree  with  the  formula  of  a  secondary  azo-com- 
pound : — 

Found. 
Calculated  for  f '• — >, 

C38H23X4O3.              I.  n.  III. 

C 77-55  77-07  7746  — 

H 4-76                  5-25  5-37  — 

N 9-52                   —  —  9-33 

VOL.  LV.  2    U 
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The  azo-compound  forms  small,  bronzy  needles,  very  sparingly 
soluble  in  boiling  alcohol  with  a  violet  colour.  It  dissolves  more  freely 
in  glacial  acetic  acid  with  a  reddish-violet  colour,  and  very  readily  in 
chloroform,  the  solution  in  the  last  solvent  being  of  a  magenta-red. 
The  solution  in  strong  sulphuric  acid  is  violet,  giving  a  similarly 
coloured  precipitate  on  dilution.  The  meltiug  point  is  153 — 154°. 
The  formula  of  the  compound  is — 

aH,-N,-C,oH,-OH(/3) 
CiuH,-N,-CioHa<JJ^'^-H«-OH(/3), 

and  the  original  naphthylphenyl-base  must  accordingly  contain  two 
amido-groups  (formula  I). 

Attempts  to  prepare  methyl-  and  benzyl-derivatives  of  benzeneazo- 
^-naphthol  gave  unsatisfactory  results,  as  the  alkylation  is  less 
complete  in  these  cases  than  when  ethyl  is  introduced.  The  presence 
of  a  nitro-group  in  the  benzene  nucleus  does  not  facilitate  the 
alkylation. 

II.    BeNZOTL-DERIVATIVE    of    BENZENEAZO-a-NAPHTHOL. 

It  has  long  been  known  that  benzeneazo-a-naphthol  can  be  readily 
alkylated,  and  also  that  the  hydroxylic  hydrogen  of  this  compound  is 
capable  of  being  replaced  by  acid  radicles.  Of  the  alkoyl-derivatives 
the  only  one  at  present  described  is  benzeneazo-a-naphthyl  acetate 
(m.  p.  128°,  Liebermann,  Ber.,  1883,  2858 ;  Zincke  and  Bindewald, 
Ber.,  1884,  3026). 

Benzeneaso-ac-naphthyl  Benzoate,  C6H5*N2'Ci(,H6*0*C7H50(a). 

This  compound  is  easily  prepared  by  making  dry  benzeneazo- 
a-naphthol  into  a  paste  with  benzoyl  chloride  and  dry,  powdered 
sodium  benzoate,  and  heating  the  mixture  in  a  flask  in  a  w^ater-bath 
for  2 — 3  hours.  The  product  is  washed  well  with  boiling  water,  and 
finally  with  dilute  ammonia  till  free  from  benzoic  acid.  Of  the 
various  solvents  tried  for  the  crystallisation  of  the  substance,  glacial 
acetic  acid  was  found  to  be  the  most  convenient.  The  solution  is 
deep  orange-browm,  and  if  allowed  to  cool  slowly  and  without  being 
disturbed,  it  deposits  the  substance  in  the  form  of  dense,  reddish-brown 
prisms.  If,  however,  the  solution  is  cooled  rapidly  and  the  crystallisa- 
tion hastened  by  scraping  the  sides  of  the  beaker  with  a  glass  rod, 
the  substance  separates  in  the  form  of  minute,  orange  needles,  which 
dry  to  an  ochreous  powder.  The  two  forms  are  so  totally  dissimilar 
in  appearance  that  we  were  at  first  disposed  to  believe  that  we  wei-e 
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dealing-  with  dilTerent  compounds.  The  analyses  shoAvcd,  however, 
that  this  was  not  the  case,  and  we  have  come  to  the  conclusion  that 
we  liave  here  a  case  of  true  isomerism  or  possibly  of  polymerism. 
The  melting-  points  were  found  to  be — 

Prismatic  ciystals 118 — 119° 

Ochreous  powder Til — l-JI-o" 

I.  01349   gram  (prismatic    form)   gave   0-3832  gram   CO2  and 
0-0583  gram  HoO. 
II.  0-1417    gram   (ochreous    form)  gave    0-4052    gram    CO2   and 
0-0604  gram  HoO. 

III.  0-1191   gram   (ochreous  form)   03408  gram   CO2   and    00497 

gram  H2O. 

IV.  0-1368  gram  (prismatic  form)  gave  9-3  c.c.  moist  N"  at  11-5°  C. 

and  760-3  mm.  bar. 
V.  0-1046  gram  (ochreous   form)  gave   7'3  c.c.  moist  N  at  14°  C. 
and  749-4  mm.  bar. 

Calculated  for  Found. 

n   TT  ^^2- Cells  .    /■ ' \ 

Moiie^OCyHsO'  I.  II.  III.         IV.         Y. 

C 78-41  77-99     77-99     7804      —       — 

H 4-54  4-83      4-72      465      —       — 

N 7-95  _         _         _       8-07     8-09 

In  addition  to  their  difference  in  appearance  the  two  forms  differ 
also  in  other  properties.  Thus  the  prismatic  form  is  soluble  in  boilino- 
alcohol,  while  the  ochreous  form  is  almost  insoluble.  These  differ- 
ences are  certainly  suggestive  of  a  difference  in  constitution,  and  it  is 
not  impi'obable  that  we  may  have  an  instance  of  tautomerism  (Laar, 
Ber.,  1885,  648)  between  the  forms — 

C,„H«<^=JJ'^^«^*   and  Ch,H«<-T-T'^«^^ 


O 


Cells 


The  first  of  these  formulte  would  be  the  most  probable  for  the 
prismatic  foi-m,  which  resembles  a  true  azo-corapound  in  its  general 
appearance  and  characters. 

Benzeneazo-a-naphthyl  benzoate  is  easily  reduced  in  alcoholic 
solution  by  stannous  chloride  ;  the  product  is  a  basic  substance  which 
oxidises  rapidly  in  contact  with  the  air,  and  we  have  therefore  been 
unable  to  isolate  it. 
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III.  Nitration  of  Azoxaphthol-derivatives. 

It  is  well  known  that  botli  benzeneazo-a-naphtliol  audbenzeneazo-5- 
naplithol  are  decomposed  by  nitric  acid  with  the  formation  of  dinitro- 
a-naphthol  and  dinitro-/3-naphthol  respectively.  In  view  of  this 
circumstance,  it  appeared  to  us  likely  that  additional  light  would  be 
thrown  on  the  constitution  of  these  azo-compounds  by  studying  the 
action  of  nitric  acid  upon  their  alkyl-  and  alkoyl-derivatives. 

Nitration  of  Benzeneazn-^-naplitlnjl  Etlujlate. 

The  oily  ethyl-derivative  of  benzeneazo-^-naphthol  dissolves  in 
strong  nitric  acid  (sp.  gr.  1'42)  in  the  cold,  with  the  formation  of  a 
deep  crimson  solution.  This  solution  no  doubt  contains  the  nitrate 
of  the  azo-compound,  since  Liebermann  has  already  shown  that 
benzeneazo-/3-naphthol  possesses  distinctly  basic  properties  {Ber.,  1883, 
2-^60).  On  allowing  the  solution  to  stand  for  about  an  hour  in  the 
cold,  or  immediately  on  warming,  the  red  colour  disappears,  nitrogen 
is  given  off,  and  the  solution  on  cooling  solidifies  to  a  crystalline  pulp. 
The  crystalline  mass  poured  on  to  ice,  collected,  washed  with  water, 
and  crystallised  two  or  three  times  from  alcohol,  furnished  a  product 
consisting  of  long,  straw-coloured  needles  melting  at  135 — 139°.  The 
melting  point  was  not  changed  by  further  crystallisation,  and  the 
substance  was  identified  as  the  ethyl-derivative  of  dinitro-f3-naphthol, 
the  melting  point  of  which  is  generally  given  as  138°  (Graebe  and 
Drew,  Ber.,  1884,  1172). 

0'1176  gram  gave  10"8  c.c.  moist  N  at  18°  C.  and  758  mm.  bar. 

Calculated  for 
C,oH5(NOo)o-0-C2H5.       Found. 
N 10-68  10-57 

This  decomposition  of  benzeneazo-/3-naphthyl  ethjdate  by  nitric 
acid  furnishes  direct  proof  that  the  ethyl  is  attached  to  the  oxygen, 
and  not  to  the  nitrogen-atom. 

Nitration  of  Benzeneazo-x-napJithyl  EtJiylate. 

Benzeneazo-a-naphthol  was  ethylated  in  alcoholic  solution  with  the 
theoretical  quantities  of  potassium  hydroxide  and  ethyl  iodide.  The 
ethyl-derivative  after  crystallisation  from  alcoh(jl  formed  orange- 
brown  needles  melting  at  98 — 100°,  as  described  by  Zincke  and 
Bindewald  (Be,:,  1884,  3028).  On  adding  this  ethyl- derivative  to 
cold  nitric  acid   (1-42  sp.   gr.),  the  substance  iuimediately  liquefies  to 


CHEMISTRY   07   THE   AZOXAPHTHOLS.  OOU 

an  intensely  coloured  violet  oil.  The  solution  was  wanned  for  a  sliort 
time  in  the  watei'-bath,  then  cooled  and  poured  on  to  ice,  wlien  an 
ochreous,  resinous  substance  separated.  This  was  collected,  washed, 
and  crystallised  from  dilute  alcohol  till  the  melting  point  was  con- 
stant.  The  substance  thus  obtained  consisted  of  yellowish  needles 
fusing  at  91 — 92",  and  was  identified  as  the  ethyl-derivative  of 
dinitro-a-naphthol,  the  melting-  point  of  Avhich  is  generally  stated  to 
be  88°. 

00655  gram  gave  6  1  cc.  moist  N  at  18"  C.  and  7G0  mm.  bar. 

Calculated  for 
CioH5(NO,.),,-0-Coir5.      FouiKl 

N 10-68  10-75- 

The  two  benzeneazonaphthol   ethylates   thus  decompose  in  a  per- 
fectly analogous  manner  under  the  influence  of  nitric  acid. 

The  action  of  nitric  acid  upon  the  derivatives  of  the  azonaphthols 
containing  acid  radicles  has  not  been  studied  in  any  detail,  because 
the  products  do  not  appear  to  be  so  definite  as  those  obtained  by 
nitrating  the  alkyl-derivatives.  Benzeneazo-a-naphthyl  acetate  dis- 
solved in  cold  nitric  acid  (sp.  gr.  1'42),  and  allowed  to  stand  for  a 
day,  gave  on  pouring  into  water,  an  oehreous  resin  which,  after  three- 
crystallisations  from  glacial  acetic  acid,  furnished  a  small  quantity  of 
a  yellowish,  crystalline  compound  melting  with  decomposition  at 
163 — 165°.  This  substance  is  the  acetyl-derivative  of  tetranitro-a- 
n-iphthol,  as  it  furnishes  this  last  compound  (m.  p.  180°,  Merz  and 
Weith,  Ber.,  1882,  2715)  by  hydrolysis.  Benzeneazo-yS-naphthjl 
acetate  dissolves  in  cold  nitric  acid  with  a  ma^enta-red  colour  which 
gradually  changes  into  orange,  and  on  pouring  the  solution  into 
Avater,  an  orange  precipitate  is  thrown  down  which  appeal's  to  be  a 
nitro-derivative,  or  a  mixture  of  nitro-derivatives  of  the  azo-com- 
pound.  The  substance  has  a  melting  point  above  250°,  and  is  so 
insoluble  in  most  solvents  that  we  have  not  obtained  it  sufficiently 
pure  for  analysis. 

Finshury  TeehniC'Ol  College, 
July,  1889. 
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LIX. — The   Synthesis   of    Heterogeneous    Mixed    Alhjldiazoamido-covi- 
pounds.     Preliminary  Notice. 

By  Raphael  Meldola,  F.R.S. 

Ik  a  paper  recently  published  by  the  author  and  F.  W.  Streatfeild 
(this  vol.,  p.  412)  it  was  stated  that  evidence  had  been  obtained  that 
the  mixed  diazoamides  of  the  general  form  X-NgH-T  had  double  the 
molecular  weight  usually  assigned  to  these  compounds.  The  com- 
plete justification  of  this  statement  will  necessitate  a  lengthy  investi- 
gation, and  as  the  work  cannot  be  resumed  for  some  time  to  come,  I 
propose  to  give  a  brief  preliminary  account  of  the  experimental 
results  thus  far  obtained.  Expressing  these  i^esults  in  general  terms, 
it  has  been  found  that  two  isomeric  alkjldiazoamides  of  the  forms 
X-Nj-JSTR'-Y  and  Y-lSTa-NR'-X,  when  boiled  together  in  alcoholic  solu- 
tion in  equimolecular  proportions,  combine  with  the  formation  of  a 
product  which  is  identical  with  that  obtained  by  first  preparing  the 
mixed  diazoamide  X'NgH'Y,  and  then  alkylating  the  latter.  From 
this  it  follows  that  the  mixed  diazoamides  and  their  alkyl-derivatives 
are  formed  by  the  coalescence  of  two  single  molecules,  and  their 
formula?  are  accordingly — 

X'N— N— NHY  X-N— N— NR'-Y* 

Y-N— N— NH-X  ^''^  Y-N— N— NR'-X 

It  appears  from  this  that  the  compounds  produced  by  the  action  of 
diazotised  amines  on  alkylamines  contain  the  grouping 

— XzzN— NR'— . 

Since  the  alkyl-derivatives  of  the  normal  compounds  can  also  be 
formed  in  the  same  way,  i.e.,  by  the  action  of  X-N2'C1  on  X-NH*R',  it 
follows  that  the  normal  compounds  also  consist  of  single  molecules. 
The  triple  isomerism  shown  to  exist  in  the  paper  above  refeiTsd  to 
maj  therefore  be  explained  by  the  formulae — 

I.  II.  III. 

*  These  fomiulse  indicate  the  existence  of  "position"  isomerides  dependent  on 
relative  position  in  the  ring  of  nitrogen-atoms.  Evidence  has  ah-eady  been  obtained 
tliat  such  isomerides  are  present  in  the  mixed  diazo-amides  and  their  alkjl-deriva- 
tives,  and  will  be  submitted  in  a  later  commuiiicatiou. 
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The  diazoamides  themselves  are  accordingly  referable  to  the  types — 

^,^,,,,^        ,    X-N— N— NH-Y 
X-N.-NH-X   and         J        I 

Y-X— N— NH-X 

Normal.  Mixed. 

Since  the  componnds  X*N2*NR'-Y  and  Y-Xj-NR'-X  combine  by 
simply  boiling  their  solutions  together,  Avhilst  X'Xj'XR'-X  and 
Y-X/NR'*Y  cannot  be  combined,  it  seemed  a  legitimate  inference 
that  the  grouping  — NziN — NH—  or  — NlIlN — XR' —  is  stable 
when  the  attached  radicles  are  similar  and  vmstable  when  they  are 
dissimilar,  and  it  appeared  highly  probable  that  any  pair  of  alkyl- 
diazoainides  might  be  combined  in  a  similar  numner  to  the  isomeric 
pairs  above  formulated.  This  inference  has  been  completely  verified 
by  some  preliminary  experiments,  and  the  field  has  thus  been  opened 
for  the  synthesis  of  what  I  pi-opose  to  call  heterogeneous  mixed  diazo- 
amides containing  totally  different  aromatic  and  fatty  radicles.  The 
general  formula  of  such  compounds  would  be — 

A-X— X— XR'-B 
X-X— X— XR'-Y  ■ 

As  a  type  of  this  class  of  diazoamides,  the  following  compound  has 
been  prepared  :— Diazotised  metanitraniline  combined  with  methyl, 
paratolnidine  gives  the  compound 

On  boiling  equimolecular  proportions  of  this  and  the  compound  pro- 
duced by  the  action  of  diazotised  parabromaniline  on  methylpnra- 
bromaniline,  a  product  is  obtained  which  when  pure  melts  at  about 
81 — 82°.     The  formula  of  this  heterogeneous  diazoamide  is — 

(mjXO.-CeH.-X— X— X(CH3)-C6H,-CH,(p) 
(p)Br-C6HrX— X— X(CH3)-C6H,-CH3(p)' 

The  details  of  the  synthesis  will  be  given  in  a  subsequent  commu- 
nication. The  compound  behaves  in  every  respect  like  an  ordinary 
mixed  diazoamide,  being  decom])osed  by  cold  liydrochloric  acid  into 
the  usual  mixture  of  diazo-chlorides  and  alkylamines — 

(»ONO.-CoH,-X-X-X(CH:0-aH,-CH3(i,) 
(j;)Br-C6H4-X— X— X(CH3)-C6H4-CH3(p)  ^        ^^ 

=  (m)XO,-aH,-Xo-Cl  + 
(p)Br-C6H4-X,-Cl  +  2(20CtH/XH-CH3. 

This  synthesis  and  others  of  a  similar  character  which  I  have 
recently   effected   leave  no  doubt   that  the  mixed  diazoamides  have 
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double  tlie  molecular  weight  usually  assigned  to  them,  and  the 
isomerism  of  the  alkyl-derivatives  made  known  in  former  papers,  as 
well  as  the  other  properties  of  these  compounds,  is  thus,  for  the  first 
time,  rendered  intelligible. 

Finshury  Teclmical  College^ 
July,  1889.. 


LX. — Benzoplienylhydrazirie. 
By  S.  RuHEMANN,  Ph.Dj,  M.A.,  and  F.  F.  Blackman,  B.Sc. 

In  a  recent  number  of  this    Journal  (this  vol.,  p.    242)   one  of  us 

published  an  investigation  on  the  action  of  chloroform  and  alcoholic 

potash  on  some  hydrazines,  and  showed  how  compounds  were  formed 

which  contain  a  closed  ring  of  four  nitrogen  and  two  carbon-atoms. 

la  tutm,   that  investigation-  led  to  the   experiments,  the   results   of 

which  form,  the  subject  of  the  present  communication; 

Doebner   {Annalen,    210,  267)    acted   on    phthalanil  with  benzoyl 

chloride  in  the    presence   of.  zinc  chloride,   and    obtained  phthalyl- 

CO 
benzoanilide,  C6H5*CO'C6H4'N<^Pq>C6H4,  which    by   alcoholic   pot-. 

ash  is  transformed  into  amidobenzophenone,  or  benzoaniline, 
CeHs'CO'CeHi'NHa-  This  base  was  regarded  by  its  discoverer  as  a 
para-amidobenzophenone,  since  he  was  able  to-  transform  it  into 
paroxybenzoic  acid  by  converting  it  into,  osybenzophenoiie,  and  then 
fusing  the  latter  with  potash.  Froehlich,  (^Ber.,  17,  2673),  how- 
ever, showed  that  a  benzophenone  derivative  could  be  obtained  from 
pseudocumidine  by  a  method  perfectly  analogous  to  Doebner's.  But 
since  the  constitution  of  Y'-cumidine  is  expressed  by  the  formula 

13  4  6 

CeH/CHs'CHa-CHa'NH.,  the  benzoyl-group  cannot  here  enter  into  the 
para-position,  this  led  him  to  consider  the  possibility  of  benzoaniline 
being  an  ortho-compound.  In  support  of  this  view  he  adduces  the 
fact  that  by  the  action  of  melted  potash  molecular  transformations 
take  place ;  and  it  may  be  that  salicylic  acid  is  the  first  product 
of  the  fusion  of  the  oxybenzophenone  from  benzoaniline,  and  that 
paroxybenzoic  acid  results  from  its  subsequent  transformation.  But 
the  experiments  of  R.  Geigy  and  W.  Koenigs  (Ber.,  18,  2700) 
have  since  proved  that  Doebner's  view  of  the  constitution  of  benzo- 
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aniline  is  correct,  and  that  this   base  is  in  reality  para-amidoben/.o- 
phenone. 

We  have  prepared  this  compound  according  to  Doebner's  method, 
in  order  to  convert  it  into  benzophenjlliA'drazine,  with  the  object  of 
characterising  the  latter  and  applying  the  isonitrile  reaction  to  it. 

Bcnzophenylhydrazinp. 

The  transformation  of  benzoaniline  into  the  hydrazine  was  effected 
by  the  reduction  of  the  diazo-compound  with  stannous  chloride.  Fur 
this  purpose  20  grams  of  the  paramidobenzophenone  were  mixed 
with  400  grams  of  hydrochloric  acid,  and  the  calculated  quantity  of 
sodium  nitrite  (9  grams)  dissolved  in  water,  was  gradually  added  to 
the  well-cooled  mixture ;  an  interval  sufficient  for  the  nitrous  smell  to 
disappear  being  allowed  after  each  addition.  When  the  diazotisation 
is  complete,  the  solution  is  tiltered  and  the  filtrate  poured  into  a  cold 
solution  of  90  grams  of  stannous  chloride  in  200  gi'ams  of  hydi-o- 
chloric  acid.  The  pale  yellow  precipitate,  which  immediately 
appears,  is  collected  on  a  linen  filter  and  dried  on  porous  plates  ; 
during  the  drying  it  gradually  becomes  orange  in  colour.  To  obtain 
this  hydrazine  hydrochloride  in  a  state  of  purity,  the  orange  powder 
is  treated  with  hot  water  and  the  solution  filtered,  when  a  con- 
siderable quantity  of  a  yellow,  insoluble,  organic  tin-compound  is  left 
on  the  filter.  The  water  used  must  not  be  quite  at  the  boiling  point, 
or  the  hydrazine  will  be  slightly  decomposed.  When  concentrated 
hydrochloric  acid  is  added  to  tlie  warm  filti'ate,  faintly  coloured 
needles  of  the  pure  hydrazine  hydrochloride  are  deposited,  which,  after 
drying  in  a  vacuum,  gave  on  analysis  numbers  corresponding  to  the 

formula   C6H4<) J~^P    "tt',HC1  :— 


■(4)— NH-NW 


Calculated  for 


Found. 


CisHi^NsOCl.  I.  II.  III. 

N 11-27  11-68         11-55  — 

CI 14-28  —  —  13-98 

The  hydrochloride  reduces  Fehling's  solution,  dissolves  readily  in 
warm  water  and  in  alcohol,  but  is  insoluble  in  hydrochloric  acid. 
The  hydrazine  sulphate  may  be  prepared  by  the  addition  of  dilute 
sulphuric  acid  to  an  ethereal  solution  of  the  base,  when  it  separates 
out  in  white  needles,  easily  soluble  in  water,  but  readily  decomposed 
by  boiling. 

The  hi/(Jrazine  itself  can  only  be  prepared  satisfactorily  by  the 
addition  of  a  concentrated   solution  of  sodium  acetate  to  the  slightly 


(U4      RUHEM.VXX   AND   BLACKMAN  :    BEXZOPHEXYLHYDRAZIXE. 

warm  solution  of  the  liydroclilorlde.  when  it  crystallises  out  in  yellow 
needles.  If  the  acetate  be  added  to  the  very  hot  or  boiling  solution 
of  the  hydrochloride,  the  base  is  then  precipitated  in  a  more  or  less 
resinous  state.  The  hydrazine  is  fairly  stable  at  ordinary  tempera- 
tures, but  at  100°  C.  it  gradually  darkens,  with  slight  decomposition. 
It  melts  at  127°,  is  very  soluble  in  alcohol,  ether,  and  benzene,  but  on 
evaporating  the  solutions  it  is  left  behind  as  a  resin.  The  crystals 
of  the  hydrazine  obtained  as  above  were  prepared  for  analysis  by 
washing  with  water  and  drying  in  a  vacuum  over  sulphuric  acid. 

The  formula  C6H4<^>  ,< NH-Nh"'  ^'^^^^'^'^'^  '■ — 

Found. 

Theory  for  ^ ' ^ 

Ci,H,oN.,0.  I.  II.  III. 

C 73-58  73-74.  —  — 

H 5-66  5-72  —  — 

N 13-20  —  13-52         13-23 

Acefylbenzopheiu/lhydrazine, — Acetic  anhydride  acts  on  the  hydrazine 
with  evolution  of  heat.  The  reaction  is  completed  on  the  water-bath, 
the  crystalline  product  purified  by  treatment  with  animal  charcoal, 
and  recrystallised  from  hot  water.  It  foi-ms  white  needles,  melting 
at  154 — 155°,  and  easily  soluble  in  alcohol  ;  it  gave  on  analysis  values 

corresponding  to  the  formula  CeH-i<C\A NH-NH-CO-CH  ' 

Found. 
Theory  for  ,. * >j 

CjbHh'NoO;.  I.  II. 

C 70-87  70-72  — 

H 5-51  5-80  — 

N 11-02  —  11-14 

Benzophenylsemicarhazide  is  formed  by  adding  an  aqueous  solution 
of  potassium  cyanate  to  a  solution  of  the  hydrazine  hydrochloride. 
The  resulting  precipitate  crystallises  from  boiling  water,  in  which  it 
is  difficultly  soluble,  in  slightly  coloured  crystals,  which  melt  at 
215-5°  with  decomposition  and  reduce  Fehling^'s  solution. 

Analysis  gave  numbers  corresponding  to  the  formula 

Found. 

Theory  for  ^ * ^ 

ChH,;X,0,.  I.  II. 

C 65-88  66-10  — 

H 5-10  5-37  — 

N 16-47  —  16-68 
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Jjenzophenyl-ph(iiiiJsidphoscmicarhar.ide. — By  adding  ])!ienyl  mustard 
oil    to    an    ethereal    solution   of    the    hydrazine,    a   sulphosemiearb- 

azide  of  the  formula  C6H4<)^( NH-NH*CS'NH-C  H    ^'^     obtained. 

This,  after  a  short  time,  separates  out  in  yellow  crystals  diflicultly 
soluble  in  hot  alcohol,  from  which  on  cooling  they  crystallise  in 
plates  melting  at  2<''3°  with  decomposition. 

They  gave  on  analysis  the  following  results  : — 

Found. 
Calculated  for  ,. * .^ 

C;„n,rX,os.  I.  II. 

N 1210  12-31  — 

S 9-22  —  9-47 

Benzophenyl-henzaldehyde    liydrazine,     ^cHi<^\  ,<!      NH-'V'PFT.P  TT  ' 

is  obtained  by  adding  to  a  warm  solution  of  benzophenylhjdrazine 
hydrochloi'ide  a  concentrated  solution  of  sodium  acetate  and  benzalde- 
hyde.  Alcohol  is  subsequently  added  and  the  solution  allowed  1o 
stand  for  some  time,  when  orange  crystals  separate  out ;  these  dis- 
solve with  difficulty  in  hot  alcohol,  and  crystallise  from  it  in  yellow 
glittering  plates  which  melt  at  188°.     They  gave  on  analysis — 

Found. 

Theory  for  f " ^ 

C.:oH,;X.O.  I.  II. 

C 80-00  80-20  — 

H 5-33  5-52  — 

N 9-33  —  9-27 

Bemophenylacetone  hydrazine,  CeH-i-iCfA tstH'T^tVpR  ^  ^    ^^     P^^' 

cipitated  from  a  solution  of  the  hydrazine  hydrochloride  by  the  addi- 
tion of  acetone  and  a  conceuti'ated  solution  of  sodium  acetate.  The 
precipitate  is  dissolved  in  hot  dilute  alcohol,  which,  on  standing, 
deposits  plates  melting  at  125"^  and  easily  soluble  in  alcohol  and 
acetone.  This  substance  decomposes  after  being  kept  for  a  few  da3-s 
at  ordinary  temperatures. 

A   nitrogen  determination  of  this  compound    dried    in  a  vacuum 

gave— 

Calculated  for 
C'leHie^'jO.  Found. 

N 1111  11-00 

(l)-CO-C6H5 
Acetophenone-'benzopltenyJliydrazine,  C^i<^  ^  .-,      NT-T'T\rT<r^^^^  '     '^^ 

t-^elJo 

prepared  in  a  way  quite  analogous  to  that  given  above  for  the  acetone 
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compound.  It  crystallises  in  bundles  of  yellow  needles  which  melt 
at  140 — 141°,  Its  composition  was  confirmed  by  a  nitrogen  deter- 
mination. 

Theory  for 

CoiHisX.p.  Found. 

N 8-9]?  9-08 

(1)— CO-CsHs 
Benzophenylhydrazine-pyruvic    acid,   CsB.i<Ci' ,-.      -vrw  att'.-^^^s 

When  pyruvic  acid  is  added  to  a  warm  aqueous  solution  of  the 
hydrazine  hy^drochloride,  a  lemon-yellow,  flocculent  precipitate  of 
tliis  substance  is  at  once  thrown  down.  It  is  soluble  in  dilute  alcohol 
and  crystallises  from  it  in  tufts  of  curved  needles  which  melt  at  210° 
with  decomposition. 

The  following  numbers  correspond  to  the  formula  CisHu^gOj: — 

Found. 


Theory.  I.  II.  III. 

C 68-08  68-31  •  67-75  — 

H 4-96  5-90  5-19  — 

N 9-93  —  —  10-14 

This  acid  is  easily  soluble  in  alcohol,  in  alkalis,  and  ammonia.  The 
barium  salt  is  dissolved  by  hot  water  and  crystallises  from  it  in 
yellow  needles.  The  silver  salt  is  thrown  down  as  a  yellow  precipi- 
tate on  adding  silver  nitrate  to  an  ammoniacal  solution  of  the  acid. 
This  salt  rapidly  decomposes  and  bla.ckens  on  warming  with  water. 

The  ethyl  salt  of  this  acid  is  easily  formed  by  heating  together  on 
a  water-bath,  for  1 — 2  hours,  nine  parts  of  absolute  alcohol,  one  part 
of  concentrated  sulphuric  acid,  and  one  part  of  the  pyruvic  acid 
compound  in  a  flask  connected  with  an  inverted  condenser.  The 
ethereal  salt  is  then  precipitated  by  the  addition  of  water,  washed 
vv'ith  dilute  ammonia  to  remove  any  unaltered  pyruvic  acid  compound, 
and  recrystallised  from  alcohol.  The  yellow  needles  thus  obtained 
melt  at  145°  without  decomposition.     On  analysis  they  gave  numbers 

(1)— CO-CgHs 
corresponding  to  the  formula  C6Hi<^^  ,n      t^tt  at-p^-^^-^s 

(_4j       iNJlflN  •^<^rir)r. 


^'*, 

'-'^^^'-^^COOCB., 

c 

Tlieorv  for 

C\8H,8X.,03. 

69-68 

Found. 
I.                 II. 

69-73          — 

H 

5-80 

6-08          — 

X 

9-03 

—           9  29 
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Benzoindohcarhoxylic  acid,  C6H5"CO'C6H3<^j^tt^C'COOH,  is  pre- 
pared by  heating  the  finely  powdered  ethereal  salt  of  benzophenyl- 
hydrazine-pyruvic  acid  with  an  equal  weight  of  freshly  fused  zinc 
chloride  at  a  temperature  of  220°  in  an  oil-bath.  The  mixture  melts, 
darkens,  and  froths  briskly  after  two  or  three  minutes,  at  the  end  of 
which  time  the  reaction  is  complete.  When  cool,  the  resulting  brown 
mass  is  powdered  and  warmed  with  very  dilute  hydrochloric  acid  to 
remove  the  zinc  chloride.  The  dark-coloured  siibstance  that  remains 
is,  with  the  exception  of  a  little  resin,  all  dissolved  by  repeated  extrac- 
tion with  ether.  The  ethereal  solution  is  then  shaken  with  dilute 
soda,  from  which,  on  subsequent  addition  of  hydrochloric  acid,  the 
indolecarboxylic  acid  is  thrown  down  as  a  yellow  precipitate.  To 
purify  this,  it  is  dissolved  in  ammonia,  and  the  solution  boiled  with 
animal  charcoal ;  on  addition  of  hydrochloric  acid,  it  yields  a  less 
coloured  precipitate  which  readily  dissolves  in  alcohol  and  crystallises 
out  in  yellowish  needles.  The  acid  may  be  obtained  perfectly  white, 
though  with  a  considerable  loss  of  material,  by  boiling  its  alcoholic 
solution  with  animal  charcoal,  filtering  and  concentrating  the  filtrate. 
The  pure  acid  melts  at  284 — 285°  with  decomposition. 

The  formula  CieHuNOs  requires — 


C 
H 


Theory. 

Found 

72-45 

72-23 

415 

4-34 

This  acid  is  only  slightly  soluble  in  boiling  water,  but  dissolves 
readily  in  alcohol  and  in  ammonia.  The  addition  of  silver  nitrate  to 
the  latter  solution  throws  down  the  silver  salt  as  a  yellowish, 
flocculent  precipitate.  When  heated  at  a  temperature  between 
280 — 290°,  it  gives  off  carbonic  acid  and  is  transformed  into  benzo- 
indole.  The  latter  was  obtained  in  the  form  of  nearly  white  needles 
melting  at  144 — 145°,  by  dissolving  the  melted  product  in  alcohol 
and  decolorising  the  alcoholic  solution  by  animal  charcoal.  When 
dissolved  in  alcohol,  it  colours  pine  shavings  moistened  with  hydro- 
chloric acid,  violet,  and  when  acidulated  with  hydrochloric  acid,  it  is 
coloured  red  by  potassium  nitrite. 

We  intend  to  pursue  the  investigation  of  this  compound. 

A  small  quantity  of  the  ethyl  salt  of  the  benzoindolecarboxylic 
acid  is  contained  in  the  ethereal  solution  of  the  product  of  the  zinc 
chloride  condensation,  and  may  be  obtained  as  a  yellow  residue  by 
evaporating  the  ether  after  the  free  acid  has  been  removed  by 
agitation  with  sodium  hydroxide  solution.  This  residue,  dissolved  in 
alcohol,  boiled  with   animal  charcoal,  and  then  concentrated,  yields 
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slender  needles    which  melt  at    IGO — 161°.     The  quantity   obtained 
was,  howeA^er,  too  small  to  admit  of  verification  by  analysis. 

Action  of  Chloroform  and  Alcoholic  Potash  on  Benzophenylhydrazine. 

It  was  expected  that  chloroform  and  alcoholic  potash  w^ould  act  on 
this  hydrazine  in  a  manner  analogous  to  that  of  their  action  on 
phenylhydrazine  and  its  homologues,  leading  to  the  formation  of  a 
tetrazine,  as  has  been  shown  before  (loc.  cit.)  and  as  will  be  further 
seen  from  a  communication  shortly  to  be  made  to  the  Society.  But 
the  desired  compound  could  not  be  obtained.  When  an  alcoholic 
solution  of  the  hydrazine  is  treated  with  these  agents,  it  becomes  first 
green  and  then  deep-red  in  colour.  The  ethereal  extract  of  the  latter, 
when  shaken  with  dilute  sulphuric  acid  and  then  evaporated,  yields  a 
red  resin  from  which  boiling  water  extracts  a  small  quantity  of  a  crys- 
talline compound,  probably  formylbenzophenylhydrazine,  which  is 
easily  decomposed  when  boiled  with  water ;  the  same  compound 
appeared  also  to  be  formed  by  heating  the  hydrazine  wath  formamide 
at  140"  till  ammonia  ceased  to  be  evolved,  but  owing  to  its  easy  decom- 
position it  could  not  be  recrystallised.  All  attempts  to  obtain  a 
crystalline  substance  from  the  red  resin  left  after  extraction  with 
water  entirely  failed. 

University  Laboratory, 
Cambridge. 


LXI. — Further  Study  of  the  Thiocarbimides. 

By  Augustus  E.  Dixon,  M.D.,  Assistant  Lecturer  in  Chemistry, 
Trinity  College,  University  of  Dublin. 

In  a  recent  communication  (Trans.,  1880,  300),  I  described  a  number 
of  substances  obtained  by  the  combination  of  certain  thiocarbimides 
with  primary  and  secondary  amines,  and  with  phenylhydrazine.  I 
hope  shortly  to  describe  a  further  investigation  of  the  hydrazine 
class  of  compounds  ;  meanwhile,  in  the  present  paper  an  account  will 
be  found — (a)  of  a  number  of  disubstituted  thiocarbaraides,  hitherto 
wanting  ;  (fc)  of  the  combinations  of  certain  thiocarbimides  with 
piperidine  ;  and  (c)  of  the  relations  between  the  thiocarbimides  and 
thialdine. 
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1.  Metlujlthincarhimide  and  Benzylamine — Methylbenzylthiocarbamide. 

Pure  benzylamine,  dissolved  in  alcohol,  was  added  to  a  warm 
alcoholic  solution  containing  an  equimolecular  proportion  of  methyl- 
thiocarbimide.  Heat  was  evolved,  and  the  pungent  smell  of  the 
thiocarbiraide  disappeared.  After  several  days'  exposure  to  the  air, 
the  mixture  assumed  the  consistence  of  a  thin  syrup,  from  which 
aggregations  of  crystalline  matter  slowly  separated.  The  latter  were 
freed  as  far  as  pos.sible  from  the  syrupy  mother-liquor  by  filtration 
under  pressure,  and  then  recrystallised  twice  from  benzene.  The  sub- 
stance is  very  freely  soluble  in  this  liquid  when  hot;  but  though  it 
is  somewhat  sparingly  so  in  the  cold,  the  crystallisation  is  rather 
tedious,  the  solution  remaining  supersaturated  for  a  considerable 
time.  When  purified  as  described,  it  forms  agglomerated  masses  of 
dense,  white,  octahedral  crystals,  which  melt  between  74°  and  74'5°. 

A  sulphur  determination,  made  by  evaporating  the  substance  to 
dryness  with  sodium  hydroxide,  in  a  nickel  crucible,  and  fusing  the 
residue  with  potassium  nitrate,  afforded  14"41  per  cent,  of  sulphur; 
theory  for  CgHi.NaS  would  require  17'79  per  cent.  This  low  result 
was  rather  unexpected,  as  the  process  just  indicated  gives  with 
suitable  compounds  very  satisfactory  results.  It  was  found,  how- 
ever, on  further  investigation,  that  this  particular  compound  is 
difl&cult  of  attack  by  alkalis,  even  when  the  latter  are  concentrated ; 
the  loss  was  therefore  due,  presumably,  to  the  decomposition  at  a  high 
temperature  of  a  little  unattacked  thiocarbamide  with  evolution  of 
volatile  sulphuretted  products.  This  difficulty  was  easily  met  by 
operating  as  follows  : — 

0'2034  gram  was  oxidised  with  fuming  nitric  acid  on  the  water-bath  ; 
the  oxidation-product  evaporated  to  dryness,  introduced  into  a 
nickel  crucible,  and  again  evaporated  to  diyness  with  sodium 
hydroxide.  The  residue,  fused  with  potassium  nitrate,  gave 
0-2604  gram  BaSOi, 

Or,  S  =  17-60  per  cent. 
Calculated  for  CgHi^N^S,  S  =  17-79 

The  action  is  thus  represented  : — 

CHs-NCS  +  CeHs-CHa-NH,  =  CS<^g;g^^^.(.^jj^. 

Methylbenzylthiocarbamide,  when  heated  with  water,  melts  to 
somewhat  dark-coloured  droplets,  which  just  sink  in  the  liquid. 
These  dissolve  to  a  slight  extent,  and  the  clear  solution,  on  cooling, 
becomes  milky  from  the  separation  of  a  cloud  of  minute  oily  globules, 
which,  afier  a  time,  solidify  to   octahedral  crystals.      It  is  extremely 

2x2 
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soluble  in  alcohol  ;   moderately  so  in   ether ;  its  solubility  in   benzene 
has  already  been  mentioned. 

Ammoniacal  silver  nitrate,  added  to  either  the  aqueous  or  alcoholic 
solution,  gives  an  immediate  black  precipitate ;  but  it  is  curious  to 
note  that,  just  as  in  the  case  of  the  homologous  ethylbenzylthio- 
carbamide  (described  in  the  communication  before  referred  to),  the 
solution,  either  in  water  or  alcohol,  is  not  desulphurised,  even  by 
prolonged  boiling  with  alkaline  lead  tartrate.  This  resistance  to 
desulphurisation  is  remarkable,  and  recalls  Lellmann's  observation 
(Annalen,  221,  8  ;  228,  248)  that  boiling  with  alkaline  lead  solu- 
tion fails  to  remove  sulphur  from  the  thiocarbamide-derivatives  of 

the  orthodiamines,  e.g.,  CS<^^tt>C6H4. 

I  am  inclined  to  consider  that  the  difficulty  in  withdrawing  the 
sulphur  under  the  conditions  named,  is  due  in  some  way  to  the  fatty 
nature  of  both  radicles.  The  data  necessary  to  warrant  a  general 
conclusion  are,  for  the  most  part,  only  obtainable  by  direct  experiment, 
but  those  hitherto  obtained  seem  to  point  to  the  view  that,  in  a 
symmetrical  disubstituted  thiocarbamide,  desulphurisation  by  lead 
hydrate  is  not  effected  where  both  radicles  are  of  a  fatty  nature.  On 
the  other  hand,  if  either,  or  both,  of  the  radicles  be  non-fatty,  desul- 
phurisation is  easy.  Thus,  diethylthiocarbamide,  in  either  aqueous  or 
alcoholic  solution,  is  unaffected  by  boiling  with  lead  hydrate  (Hof- 
mann,  Ber.,  2,  601).  T  have  also  ascertained  by  direct  experiment, 
that  dibenzylthiocarbamide  in  alcoholic  solution  is  not  sensibly 
desulphurised  by  boiling  with  alkaline  lead  solution.  (It  is  desul- 
phurised instantly,  and  in  the  cold,  by  ammoniacal  silver  nitrate.) 
Again,  as  already  recorded  (Dixon,  loc.  ci^.),  ethylbenzyl thiocarbamide 
does  not  yield  its  sulphur  to  alkaline  lead  tartrate,  even  at  the  boiling 
temperature. 

But  on  the  substitution  of  either  or  both  fatty  groups  by  non-fatty 
o-roups,  this  resistance  to  desulphurisation  seems  to  be  removed.  Thus, 
I  have  found  ethylphenyl-,  ethylorthotolyl-,  and  (loc.  cit.,  302)  benzyl- 
phenyl-thiocarbamides  all  easily  desulphurisable ;  and  the  same  holds 
o-ood  (Hinterberger,  Annalen,  83,  346)  for  ethylallylthiocarbamide. 
Further,  diphenyl-,  diorthotolyl-,  and  (Bizio,  Jahr.,  1861,  497) 
allylphenyl-thiocarbamides  all  readily  give  up  their  sulphur,  under 
the  conditions  named,  as  does  also  (Zinin,  Annalen,  84,  346)  allyl- 
st-naphthylthiocarbamide. 

2.  Methylthiocarlimide  and  Paratoluidine — Methylparatolylthio- 

carbamide. 

This  substance — metameric  with  the  preceding — was  obtained  by 
mixino-  equimolecular  proportions  of  methylthiocarbimide  and  para- 
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toluldiue,  each  dissolved  in  warm,  concentrated  alcohol.  After  some 
time  tufts  of  prismatic  crystals  began  to  crystallise  out;  Avhen 
nothing'  further  appeared  to  separate,  these  were  drained  ofP,  waslied, 
and  recrystallised  from  boiling  alcohol.  As  thus  obtained,  the  sub- 
stance forms  beautiful  vitreous  prisms,  melting  at  125 — 126°  without 
decomposition. 

Sulphur  was  estimated,  with  the  following  result  : — 

0'207O  gram,    evaporated  to  dryness  with  sodium  hydroxide  and 
fused  with  potassium  nitrate,  gave  0'2610  gram  BaS04, 

Or,  S  =  17'81  per  cent. 
Calculated  for  CgHiaN^S,  S  =  17-79 

The  action  is  thus  formulated  : — 

CHa-NCS  +  CHs-CeH^-NH,  =  CS<^'2;^^^^^.^jj^. 

The  yield  amounted  to  nearly  70  per  cent,  of  the  theoretical. 

Methylparatolylthiocarbamide  is  slightly  soluble  in  boiling  water, 
almost  insoluble  in  cold.  It  is  moderately  soluble  in  hot  alcohol, 
and  freely  soluble  in  ether.  Silver  nitrate  throws  down  a  white 
precipitate,  which  soon  blackens  ;  the  solution  is  also  immediately 
desulphurised  by  boiling  with  alkaline  lead  tartrate  (c/.  methyl- 
benzylthiocarbamide). 

3.  Methi/lthiocarbimide  and  Orthotoluidine — Methylorthotolijlthio- 

carhamide. 

This  substance — metameric  with  the  two  preceding  compounds — 
was  prepared  by  mixing  the  theoretic  quantities  of  base  and  thiu- 
carbimide  in  concentrated  alcoholic  solution.  No  sensible  heat  was 
evolved,  but  after  a  couple  of  days  the  mixture  had  solidified  to  a 
pasty  mass ;  this  was  recrystallised  three  times  from  alcohol,  after 
which  the  substance  separated  in  pearly-white,  flattened,  rhombic 
crystals.  The  latter  melt,  without  decomposition,  betweeen  152°  and 
153°,  that  is  to  say,  26*^  higher  than  the  corresponding  para-compound. 
When  broken  up,  the  dry  substance  forms  a  lustrous,  flour-like,  white 
powder,  which,  on  friction,  becomes  strongly  electrical,  the  particles 
flying  about  in  all  directions. 

The  formula  was  verified  by  a  sulphur  determination  : — 

0'1808  gram,  fused  with  sodium  hydroxide  and   potassium  nitrate, 
afforded  0-2325  gram  BaSOj, 

Or,  S  =  17'67  per  cent. 

Calculated  for  CS<^v^iT.p  t|  ,  S  =  1779         ,, 
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The  action  is  formulated  as  in  the  preceding  case. 

The  substance  is  somewhat  soluble  in  boiling  water,  easily  soluble 
in  hot  alcohol,  moderately  in  the  cold.  Ammoniacal  silver  nitrate 
added  to  a  cold  solution,  immediately  precipitates  silver  sulphide,  and 
the  solution  is  also  tolerably  readily  desulphurised  by  boiling  with 
alkaline  lead  tartrate. 


4.  Alhjlthiocarhiviide  and  OrthotoJuidine — AlhjlorOiofolylthiocarbamide. 

Equimolecular  proportions  of  allylthiocarbimide  and  orthotoluidine 
were  mixed — each  in  concentrated  alcoholic  solution.  No  sensible 
evolution  of  heat  was  observed,  but  after  some  days  tufts  of  fine 
needles  began  to  appear,  increasing  in  quantity  until  at  last  the 
contents  of  the  vessel  formed  a  solid  cake.  This  was  removed, 
pressed,  and  recrystallised  three  times  from  dilute  spirit.  The  re- 
crystallisation  is  somewhat  tedious,  the  solutions  having  a  tendency 
to  remain  supersaturated.  Thus  purified,  the  substance  forms  tufts 
of  small  white,  prisms,  melting  between  75°  and  7Q° . 

A  sulphur  determination  afforded  the  following  result : — 

0-2806  gram,  treated  with  NaOH  and  KNO3,  yielded  0-2317  gram 
BaSOi, 

Or,  S  =  15-27  per  cent. 

Calculated  for  CS<^TyT-TT,/-j^TT'')  S  =  15-54         ,, 

Allylorthotolylthiocarbamide,  when  heated  with  water,  melts  to 
oily  globules,  which  sink  in  the  liquid.  These  dissolve  to  a  slight 
extent,  separating  again  for  the  most  part  as  the  solution  cools, 
in  finely-divided  droplets,  which  give  the  liquid  a  milky  appearance ; 
after  a  time  these  droplets  solidify  to  microscopic  tufts  of  pointed 
prisms.  The  substance  dissolves  freely  in  alcohol  and  ether,  and  is 
soluble  also  in  benzene  and  in  light  petroleum.  Ammoniacal  silver 
nitrate  produces  an  immediate  black  precipitate  in  the  cold  ;  the 
sulphur  is  also  readily  removed  by  warming  with  alkaline  lead  solu- 
tion, with  production  of  a  brilliant  speculum  of  galena. 

5.  Bemoylthiocarhimide  and  Orthotohiidine — OrtJiotolylbenzoylfhio- 

carbamide. 

Orthotoluidine  was  dissolved  in  alcohol,  the  vessel  cooled  by  im- 
mersion in  water,  and  to  the  solution  a  quantity  of  benzoylthio- 
carbiraide  was  gradually  added  in  accordance  with  the  equation — 

CH^-CO-NCS  +  CH3-aH,-NH,  =  CS<^y;^^g|:^^^ . 
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The  substances  combined  vigorously,  and  tufts  of  wliite  prisms 
began  at  once  to  separate ;  in  a  few  minutes  the  contents  of  the 
vessel  had  set  to  a  solid  yellow  mass.  The  latter,  on  draining  and 
washing  with  cold  alcohol,  became  almost  white.  On  recrystallisa- 
tion  from  boiling  alcohol,  benzoylorthotolylthiocarbamide  was  obtained 
in  long,  well-formed,  transparent  prisms  possessing  a  faint  yellow 
tinge,  and  melting  between  118°  and  119°. 

Determination  of  sulphur  : — 

0-1983  gram,  treated  with  NaOH  and  KNO„  afforded  01 775  gram 
BaSOi, 

Or,  S  =  12-30  per  cent. 
Calculated  for  CsHuN^SO,  S  =  11-86 

The  substance  is  insoluble  in  cold  water,  moderately  soluble  in  cold 
alcohol,  easily  in  hot.  The  solution  is  blackened  immediately  on 
addition  of  silver  nitrate,  and  is  readily  desulphurised  by  boiling  with 
alkaline  lead  tartrate.  Mercuric  chloride,  added  to  the  alcoholic 
solution,  gives  a  white,  curdy  precipitate. 


6.  Benzoylthiocarhimide  and  Piperidine — Piperidylbetizoylthiocarh- 

amide. 

Gebhardt  (Ber.,  17,  3039)  has  described  compounds  of  piperidine 
with  methyl  and  some  aromatic  thiocarbimides.  In  order  to  ascer- 
tain whether  the  acid  thiocarbimide*  would  afford  an  analogous 
result,  the  following  experiment  was  made : — 

To  1  mol.  prop,  piperidine,  mixed  with  anhydrous  benzene,  was 
added  a  benzene  solution  containing  1  mol.  prop,  of  benzoylthiocarh- 
imide. The  substances  combined  energetically,  the  heat  evolved 
being  sufficient  to  boil  off  a  portion  of  the  benzene,  and  the  pungent 
bitter  almond-like  smell  of  the  thiocarbimide  vanished. 

The  mixture  was  now  exposed  freely  to  the  air,  in  order  to  allow  the 
residual  benzene  to  evaporate.  At  the  end  of  a  fortnight,  there  was 
no  sign  of  crystallisation,  the  syrupy  liquid  was  therefore  placed 
under  the  air-pump  receiver,  where,  in  a  couple  of  days,  it  solidified. 
The  solid  product,  recrystallised  twice  from  spirit,  formed  tine, 
silvery-white  needles  melting  at  1-22 — 123°  to  a  golden-yellow  liquid. 

Analytical  data : — 

*  It  is  curious  to  note  that  benzoylthiocarbimide  — obtained  by  Miquel  {Ann. 
Chim.  Phy-i.  [5],  11,  300)  by  the  action  of  benzoyl  chloride  upon  lead  thiocyanate  — 
is  always  referred  to  as  "  benzoylthiocyanate."  It  is  an  undoubted  thiocarbimide, 
though  differing  in  some  respects  (as  I  hope  to  show  in  a  future  communication) 
from  the  alkjl  thiocarbimides. 
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0'2060  gram,   burnt  with   CuO    and  copper  gauze  in   front,  gave 
19'6  c.c.  nitrogen  at  12°  and  763  mm., 

Or,  N  =  11-34  per  cent. 

0-2075  gram,  treated  with  NaOH  and  KNO,  afforded  02040  gram 
BaSOi, 

Or,  S   =  1351  per  cent. 

Calculated  for 

CiaHigNoSO.  Experiment. 

N ll-2'9  11-34 

S 1292  13-51 

The  following  equation  represents  the  action : — 

CeHs-co-Ncs  +  CaHioiNH  =  cs<^.^;^^*^^^^ 

Benzoylpiperidylthiocarbamide  is  insoluble  in  water,  soluble  in 
alcohol  and  ether,  and  freely  soluble  in  benzene.  The  alcoholic 
solution  gives,  with  ammoniacal  silver  nitrate,  a  white,  curdy  preci- 
pitate, partially  soluble  on  heating.  With  alcoholic  mercuric  chlo- 
ride, a  white  precipitate  is  thrown  down ;  and  with  ferric  chloride  a 
deep,  reddish-brown  colour  is  produced.  The  alcoholic  solution  is  not 
desulphurised  by  boiling  with  alkaline  lead  tartrate. 

Several  attempts  were  made  to  obtain  f  rona  acetylthiocarbimide  and 
piperidine  an  analogous  acetylated  piperidylthiocarbamide.  The 
substances  combine  energetically,  but  no  definite  compound  could  be 
isolated,  though  the  conditions  were  vai-ied  in  several  ways.  It  may 
be  noted  here  that  acetylthiocarbimide,  like  the  corresponding 
benzoyl-compound,  is  commonly  referred  to  as  a  thiocyanate ;  in  fact, 
Miquel,  the  discoverer  (he.  cit.)  explicitly  denies  it  admission  to  the 
class  of  thiocarbimides.  But,  in  some  cases,  it  certainly  acts  as  a 
true  "  mustard  oil ;  "  thus  it  forms  disubstituted  thiocarbamides  with 
aniline,  the  toluidines,  and  a-naphthj^lamine ;  and,  as  I  recently 
showed  (Trans.,  1889,  303),  it  also  behaves  as  a  thiocarbimide 
towards  phenylhydrazine. 

7.  Ethylthiocarbimide  and  Piperidine — Ethylpiperidylthiocarhaviide. 

Alcoholic  solutions  of  ethylthiocarbimide  and  piperidine  were 
mixed  in  quantities  required  by  the  equation — 

CaHa-NCS  +  C^HioiNH  =  CS<^^^§^'. 

Heat  was  evolved,  and  the  combination  was  completed  by  warming 
on  the  water-bath  until  the  mixture  ceased  to  smell  of  the  thiocarb- 
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irnide.  On  evaporation  of  the  alcohol,  a  brown,  oily  liquid  was  left, 
which,  in  about  10  days,  soliditied  to  a  radiating,  crystalline  mass 
melting  between  44°  and  46"5°.  The  purification  of  the  substance 
presented  great  difficulty ;  it  is  extremely  soluble  in  alcohol,  ether, 
acetone,  chloroform,  amyl  alcohol,  ethyl  acetate,  benzene,  and  carbon 
bisulphide.  It  is  sparingly  solul)le  in  water,  from  which,  however,  it 
separates  as  an  oily  liquid  which  is  still  impure. 

On  adding  platinic  chloride  to  the  alcoholic  solution,  an  orange- 
brown  platinum  compound  separated  as  an  amorphous  powder, 
which  was  washed  well  with  spirit,  and  dried  over  sulphui-ic 
acid.  A  quantity  of  this  powder  was  suspended  in  water  throu""h 
which  a  current  of  sulphuretted  hydrogen  was  passed,  but  this  treat- 
ment failed  to  separate  the  platinum,  even  when  the  solution  was 
heated  to  the  boiling  point. 

The  crude  substance  was  now  finely  ground,  washed  well  witJi 
light  petroleum,  in  which  it  is  insoluble,  and  dried  over  sulphuric 
acid  for  analysis. 

0'2084  gram,   burnt  with   CuO   and  copper   gauze   in  front,  gave 
28'5  c.c.  nitrogen  at  19°  and  767  mm.. 

Or,  N  =  1597  per  cent. 

0-1769  gram,  treated  with  HNO3,*  NaOH,  and  KNO3,  gave  02411 
gram  BaSOj, 

Or,  S  =  18"  73  per  cent. 

Calculated  for 

C8H,6X2S.  Expcriinent. 

N 16-81  15-97 

b 18-61  18-73 

The  analytical  result  is  not  very  satisfactory  as  regards  the 
nitrogen,  but  there  can  be  no  doubt  that  the  brown,  radiating, 
crystalline  mass,  referred  to  above,  consists  essentially  of  ethyl- 
piperidylthiocarbamide. 

Ammoniacal  silver  nitrate  produces  a  yellow  precipitate,  which 
blackens  slowly  on  standing,  or  instantlj-  on  heating.  Like  the 
preceding  compound — benzoyl  piperidylthiocarbamide — it  is  very 
stable  towards  alkaline  solution  of  lead,  which  fails  to  remove  the 
sulphur  even  on  boiling.  This  resistance  to  desulphurisation,  1 
have    observed,    is    also    shared    by    phenylpiperidylthiocai'bamidejf 

*  Vide  ante :  an  ebtimation  in  which  the  treatment  with  nitric  acid  was  omitted, 
yielded  only  11-9  per  cent,  of  the  sulphur. 

t  This  compound  was  iirst  obtained  by  Gebhardt  (Ber.,  17,  3039).  A  shoit 
account  of  it  was  subsequently  published  by  Skinner  and  Ruhemann  (Trans.,  1888, 
558),  who  appear  to  have  been  unaware  of  Gebhardt's  discovery. 
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which  gives  up  its  sulphur  to  alkaline  lead  tartrate  only  on  prolonged 
boiling.  The  substance  dissolves  with  decomposition  in  concentrated 
nitric  acid,  with  production  of  a  dark  green  colour.  Concentrated 
sulphuric  acid  also  dissolves  it  on  gentle  warming ;  the  solution  in 
this  case  is  colourless. 

Thiocarhlmides  and  Thialdine. 
The  formula  commonly  ascribed  to  thialdine, 
0H3-0H<|™(CH.)>j,H_ 

assumes  it  to  be  an  imidic  compound,  as  Gebhardt  {Inc.  cit.)  has 
shown  that  various  imidic  substances — for  example,  methylauiline, 
ethylaniline,  piperidine,  and  conine — can  combine  with  the  thiocarb- 
imides  to  form  substituted  thiocarbamides,  I  considered  that  it  would 
be  interesting  to  ascertain  whether,  under  similar  conditions,  the  com- 
plex thialdine  residue  could  be  introduced.  The  results  of  Marckwald's 
experiments  with  thialdine  thiocyanate*  rendered  it  improbable,  how- 
ever, that  this  would  be  the  case. 

A.   Orthotolylthiocarhimide  and  Thialdine. 

These  substances,  in  alcoholic  solution,  were  mixed  in  the  propor- 
tions demanded  by  the  equation — 

C,H,-NCS  +  CcHi.S^iNH  =  CS<^^'^^^^^. 

No  sensible  rise  of  temperature  occurred,  but  on  slowly  evaporating 
the  alcohol,  tufts  of  needles  formed  in  a  brown,  smeary,  evil-smelling 
liquid.  The  former,  purified  by  recrystallisation  from  alcohol,  formed 
thin,  white  needles  melting  at  157°.  A  sulphur  determination 
yielded  12"87  per  cent,  of  S ;  the  compound  formulated  above 
(tolylthialdylthiocarbamide)  would  require  307  per  cent.  The 
product  is,  in  fact,  diorthotolylthiocarbamide : — 

Calculated  for 

CS(NH-C7Hj)2.  Experiment. 

S 12-51  12-87 

M.  p.  of  CS(NH.T^)2  =  156  or  158°  (Ber.,  4,  985;  12,  1854; 
2301).     Found,  157°. 

The  experiment  was  now  repeated,  using  thiocarbanile. 

*  Marckwald  {Ber.,  19,  1826)  found,  that  on  boiling  thialdine  thiocyanate  with 
water,  no  thiocarbamide  was  produced ;  but  the  substance  decomposed  into  thio- 
aldehyde,  7-trithioaldehjde,  and  a  compound  of  the  formula  C5H9NS3. 
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B.  Plienylthiocarhimide  and  Thialdive. 

Molecular  proportions  of  these  substances  were  mixed  under  the 
same  conditions  as  in  the  previous  case.  As  the  alcohol  evapo- 
rated at  the  ordinary  temperature,  leafy  crystals  separated,  tlie 
liquid  becoming  smeary,  and  at  the  same  time  acquiring  a  penetrating 
and  very  disgusting  smell.  The  solid  product,  recrystallised  from 
alcohol,  formed  pearly  laminas  melting  at  152°.  These  resembled 
thiocarbanilide  (m.  p.  153°)  in  all  respects,  tasting  intensely  bitter, 
and  evolving  the  characteristic  odour  of  thiocarbanile  when  boiled 
with  concentrated  hydrochloric  acid.  Similar  experiments  were 
made,  using  ethyl-  and  allyl-thiocarbimides;  these  afforded  results 
analogous  to  those  already  described. 

The  doubling  of  the  tliiocarbimide  radicle  to  form  a  symmetrical 
disubstitution-compound  is  remarkable,  and  the  more  so,  since  tlie 
processes  were  all  carried  out  either  at  the  ordinary  temperature  of 
the  air,  or  at  a  temperature  very  slightly  above  it.  It  would  be 
interesting  to  ascertain  what  becomes  of  the  thialdine  residue;  in  all 
four  cases,  the  bye-product  had  the  same  appearance — a  somewhat 
yellowish  sticky  liquid — and  the  suggestion  naturally  offers  itself 
that  this  might  perhaps  consist  of  a  dithialdylthiocarbamide,  produced 
according  to  the  equation— 

2CeH,-NCS  +  2C6H,,S;XH  =  CS<™;^«^*  +  CS<^:^^^'^|^ 

The  liquid  in  question  has,  however,  such  a  persistent  and  dis- 
gusting smell  that  I  did  not  care  to  examine  it  further. 

Chemical  Laboratory, 

University  of  Dublin. 


LXII. — Benzylammonium  Succinates  and  their  Derivatives. 

By  Emil  a.  Werner,  F.I.C,  Assistant  in  the  Chemical  Laboratory  of 
the  University  of  Dublin. 

In  the  course  of  a  comparative  study  of  the  homologues  of  oxalic  acid, 
to  which  my  work  on  Chromoxalates  (Trans.,  1887,  51,  383,  and 
1888,  53,  404)  led,  I  noted  incidentally  that  benzylammonium  succi- 
nates and  their  derivatives  are  practically  unknown.  Hence,  when 
an  opportunity  lately  presented  itself,  I  prepared  a  number  of  these 
compounds,  which  are  described  below  : — 
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1.  Normal  Benzi/lammonium  Succinate. 

Di-benzylammonium  succinate,  prepared  by  the  neutralisation  of 
a  cold  saturated  aqueous  solution  of  succinic  acid  by  pure  beuzyl- 
amine,  is  soluble  in  all  proportions  in  water,  and  by  the  gradual 
evaporation  of  the  solution  a  thick  syrup  is  left,  which,  on  standing 
over  oil  of  vitriol,  ultimately  solidifies  to  a  confused  semi-crystalline 
mass.  The  salt  is  also  freely  soluble  in  strong  alcohol,  from  which  it 
is  precipitated  by  ether  as  a  thick  syrup. 

However,  by  very  slow  evaporation  of  its  alcoholic  solution,  it  was 
obtained  in  the  form  of  thin  plates,  having  a  greasy  lustre,  and 
unctuous  to  the  touch. 

A  determination  of  nitrogen  in  a  specimen  thus  obtained  gave  the 
following  result : — 

0"3335  gram  gave  24"  1  c.c.  of  nitrogen  at  20°  C.  and  7G6  mm.  or 
N  =  8'29  per  cent. 

Theory  for  CoH4<qqq,^jj^'.^_'^'  =  843  per  cent. 

The  crystals  of  benzylammonium  succinate  so  formed  melt  at 
144 — 145°,  and  at  a  higher  temperature  decompose  into  water,  suc- 
cindibenzylamide  and  succinbenzylimide. 

2.  Benzylammomuvi  Hydrogen  Succinate. 

This  salt  was  prepared  by  the  addition  of  succinic  acid  (1  mol. 
prop.)  to  the  aqueous  solution  of  the  normal  succinate  (1  mol.  prop.). 

It  is  easily  soluble  in  water,  from  which  it  crystallises  readily  in 
thick,  vitreous,  somewhat  elastic,  rectangular  prisms  ;  by  slow 
evaporation  of  their  aqueous  solution,  the  crystals  may  be  easily 
obtained  of  a  considerable  size. 

A  specimen,  after  powdering  and  drying  by  pressure  between 
folds  of  bibulous  paper,  gave  the  following  analytical  results : — 

0"2354    gram    heated    at    100 — 110°    to    a    constant    weight   lost 

0-U182  gram  of  H^O  =  773  per  cent. 
0'2354    gram  gave   11'3  c.c.  nitrogen    at  20°  and  7725    mm.,   or 

N  =■  5'55  per  cent. 

Theory  for 

Found.  ^2ll4^cQQH  ,M.,U. 

HjO 7-73  per  cent.  7-40 

N 5-55         „  5-76 

Benzylammonium  hydrogen  succinate  crystallises  therefore  from 
water  as  a  monohydrate.     The  anhydrous  salt  melts  at  116 — 117°. 
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CO 
8.  Succinhenzylimide,  C2Hi<^pq]>N'CIT>-C6H8. 

This  compound,  whicli  is  also  produced  by  the  rapid  distillation  of 
the  benzylaramonium  succinates,  is  best  prepared  by  the  action  of 
benzyl  chloride  on  a  mixture  of  succinimide  and  potassium  or  sodium 
hydroxide  dissolved  in  strong  alcohol.  The  equation  representing  its 
formation  is — 

C.,H4<^Q>XH  +  CeHj-CH.Cl  +  KOH  =  C,H4<^q>N-CH,-C„H5 

+  H,0  +  KCl. 

On  account  of  secondary  actions,  resulting  in  the  production  of 
small  quantities  of  benzyl  alcohol,  benzyl  ethyl  oxide,  and.  potassium 
succinamate,  the  yield  of  the  succinbenzylimide  never  rises  above 
60  per  cent,  of  the  theoretical. 

Succinbenzylimide  crystallises  from  alcohol  by  spontaneous  evapora- 
tion in  large,  brilliant,  flat,  six-sided  prisms,  which  melt  at  98 — 99°. 

The  following  analytical  data  were  obtained  from  a  specimen 
twice  crystallised  from  alcohol : — 

0"442G  gram  gave    28'2  c.c.  nitrogen  at  16"    and    7675    mm.    or 

N  =:  7'45  per  cent. 
0'2r;2  gram  burnt  with  lead  chromate  gave  0  6446  gram  CO..  and 

0"1356  gram  HjO. 

Theory  for  C„H„N02.  Found. 

C 69-84  per  cent.  6977 

H 5-82        „  5-98 

N 7-40         „  7-45 

0 16-94         „  (by  diff.)  16^80 

For  the  preparation  of  this  compound  and  isolation  of  the 
secondary  products,  the  following  method  of  working  gave  the  best 
results : — 

To  50  grams  of  succinimide  and  28  grams  of  potassium  hydroxide, 
both  dissolved  in  about  300  c.c.  of  strong  alcohol,  63  grams  of  benzyl 
chloride  was  added,  and  the  mixture  digested  on  the  water-bath  with 
reversed  condenser,  until  potassium  chloride  ceased  to  separate  ; 
for  the  above  quantities,  from  four  to  six  hours'  digestion  proved 
sufficient.*  As  the  liquid  cooled,  the  new  compound  separated  in 
beautiful  crystals  embedded  in  the  potassium  chloride  :   the  super- 

*  By  using  a  large  rounded  conical  flask,  and  maintaining  the  water  outside  con- 
siderably above  the  level  of  the  liquid  within,  the  boiling  may  be  carried  on  without 
interruption. 
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natant  liquid  was  poured  off,  and  the  mixture  of  chloride  and  crystals 
thrown  on  the  filter-pump  and  washed  with  alcohol. 

From  the  crystals,  the  chloride  was  readily  removed  by  shaking 
with  water.  Only  one  other  crop  of  crystals  can  generally  be  obtained 
by  distillation  of  the  mother-liquor,  for  on  concentration  the  succin- 
benzylimide  ceases  to  separate  in  the  crystalline  form  ;  if  the  solution 
be  now  distilled  as  far  as  possible  on  the  water-bath,  and  the  residue 
shaken  up  with  water,  an  oil  is  precipitated  and  separated ;  the 
aqueous  solution  is  shaken  up  with  ether,  and  the  latter  is  added  to 
the  oil ;  from  this  ethereal  liquid,  a  third  crop  of  crystals  of  the 
succinbenzylimide  separates  on  standing.  The  aqueous  extract  of 
the  oil  contains  any  excess  of  succinimide  with,  a  small  quantity  of 
potassium  succinamate  formed  during  the  reaction. 

The  ethereal  solution  is  then  distilled  until  the  temperature  reaches 
about  220°.  The  portion  collected  between  170—210°  affords  small 
quantities  of  benzyl  alcohol  (b.  p.  204°)  and  benzyl  ethyl  oxide  (b,  p. 
185"). 

The  residue  in  the  retort  consists  of  impure  succinbenzylimide, 
which  may  be  obtained  either  by  further  distillation  or  by  dissolution 
in  chloroform  or  benzene,  and  gradual  precipitation  of  the  solution 
by  light  petroleum. 

Succinbenzylimide  is  a  very  stable  compound,  and  distils  undecom- 
posed  between  390°  and  400^ 

It  is  easily  soluble  in  alcohol,  very  freely  in  chloroform  and  hot 
benzene,  moderately  soluble  in  ether,  sparingly  soluble  in  cold  carbon 
bisulphide,  more  freely  in  hot,  and  insoluble  in  light  petroleum  ;  it  is 
moderately  soluble  in  boiling  water,  from  which  it  is  almost  com- 
pletely precipitated  on  cooling  in  the  form  of  long,  thin,  iridescent 
plates. 

When  boiled  for  several  hours  with  alcoholic  solutions  of  caustic 
potash  and  soda,  it  is  completely  decomposed  into  benzylamine  and 
succinic  acid ;  it  undergoes  the  same  decomposition  much  more 
readily  by  heating  with  fuming  hydrochloric  acid  in  a  sealed  tube  at 
145_1.50°  for  one  hour;  on  the  other  hand,  heating  with  fuming 
hydrochloric  acid  under  the  ordinary  pressure,  does  not  afiect  the 
decomposition  even  after  several  hours'  boiling. 

4.   buccinoenzylamic  Acid,  '^-j^i^coq}! 

This  compound  is  prepared  by  boiling  the  imide  (2  mol.  props.) 
with  an  aqueous  solution  of  1  mol.  prop,  of  barium  hydroxide. 
The  reaction,  which  consists  in  an  assimilation  of  a  single  molecule 
of  water  by  the  imide,  is  complete   after  5 — 10  minutes'  boiling ;  on 
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adding  dilute  hydi'ochloric  acid  to  tbe  product,  the  new  acid  is  im- 
mediately precipitated  in  thick  white  flocks,  and  after  washing  on  a 
filter  is  purified  hy  recrystallisation  from  alcohol,  from  wliich  it 
readily  separates  in  very  fine,  large,  flat,  oblique  prisms.  Tliose 
melt  at  18*J°  when  pure. 

A  specimen  purified  by  recrystallisation  from  alcohol  and  dried  at 
100°  gave  the  following  analytical  results:  — 

02478  gram  gave  13"8  c.c.  of  nitrogen  at  13°  and  771  mm. 
0"2635  gi-am  gave  06145  gram  CO;^  and  015G  gram  H^O. 

Theory  for 

Ciin,:,\03.  Found. 

C 63- 70  per  cent.  63-60 

H 6-28        „  6-67 

N 6-76        „  6-64 

0 23-20         „  23-19  (by  diff.) 

Succinbenzylamic  acid  is  somewhat  soluble  in  boiling  water,  almost 
insoluble  in  fhe  cold,  and  slightly  soluble  in  boiling  benzene,  from 
which  it  separates  completely  on  cooling  in  micioscopic  needles;  it 
is  freely  soluble  in  acetone,  almost  insoluble  in  ether  and  carbon 
bisulphide. 

It  is  not  decomposed  by  heating  with  water  alone  in  a  sealed  tube 
to  200°. 

The  silver  salt  is  precipitated,  on  addition  of  silver  nitrate  to  an 
aqueous  solution  of  the  barium  salt ;  when  dried  it  forms  a  light, 
crystalline,  micaceous  powder,  possessing  a  pearly  lustre  : — 

0"292  gram  gave  on  ignition  a  residue  of  silver  =  O'lOOl  gram. 

Theory  for 
Found.  CiiUi.2N03Ag. 

Ag 34-28  per  cent.  3439 

It  is  insoluble  in  water  or  alcohol. 

The  barium,  salt  crystallises  from  water  in  rosette-like  aggregates  of 
small  prisms,  having  a  pearly  lustre.  A  specimen  dried  by  pressure 
and  air  exposure  gave  : — 

Ba  =  2502  per  cent.      Theory  for    (CuH,2N03)2Ba  =  2495   per 
cent.  Ba. 

5.   Succindihenzylamide,  ^^i^i^^r<r\.^T^,^^x^.^^x^^^ 

For  tlie  preparation  of  this  compound,  10  grams  of  ethyl  succinate 
were  heated  in  alcoholic  solution  with  12-5  grams  of  pure  benzylamine 
for  several  hours.     The  diamide  separates  from  its  alcoholic  solution. 
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on  cooling',  in  thin  crystalline  plates,  possessing  a  very  brilliant  lustre  ; 
these  naelt  at  205 — 206°.     The  yield  is  nearly  theoretical. 

The  following  analytical  data  were  afforded  by  a  well-crystallised 
specimen  : — 

0'2776  gram  gave  23  c.c.  of  nitrogen  at  14°  and  756'6  mm. 
02384  gram  gave  0"636  gram  COo  and  0'1520  gram  H3O. 

Theory  for 

CisHsoNsOa.  Found. 

C 72-97  per  cent.  7275 

H 6-75         „  7-08 

N 9-45         „  9-64 

0  10-83         „  10-53  (by  diff.). 

Succindibenzylamide  is  sparingly  soluble  in  hot  or  cold  ether, 
sparingly  soluble  in  chloroform,  almost  insoluble  in  carbon  bisul- 
phide, slightly  soluble  in  boiling  benzene,  insolable  in  the  cold,  and 
insoluble  in  water. 

It  is  not  decomposed  by  boiling  with  aqueous  soda. 

Unsuccessful  attempts  were  made  to  obtain  a  mercurial  or  silver 
derivative  of  this  diamide ;  freshly  precipitated  mercuric  oxide  is  not 
acted  upon  by  the  boiling  alcoholic  solution  of  the  amide. 

6.  Succinmonobenzylamide,  ^i^i'^rir^.^TT         2     e    s^ 

This  amide  is  formed  by  the  action  of  ammonia  on  succinbenzyl- 
imide,  thus : — 

c.H4<gg>N-c,H,  +  NH3  =  c.H,<g2;^^;^'^'. 

For  this  purpose  the  succinbenzylimide  is  heated  at  100°  for 
G — 8  hours  in  a  sealed  tube  with  an  excess  of  a  strong  solution  of 
ammonia  in  alcohol. 

Under  these  conditions,  the  yield  of  the  amide  never  exceeds 
30 — 34  per  cent,  of  theory,  and  even  when  the  temperature  is 
carried  to  200°  and  maintained  for  several  hours,  the  yield  is  not 
materially  increased. 

In  order  to  separate  the  amide,  the  contents  of  the  tube  are 
evaporated  to  dryness  on  the  water-bath,  and  the  solid  residue  is 
digested  with  chloroform,  which  readily  dissolves  the  unaltered  imide, 
leaving  behind  the  amide  ;  the  latter  is  purified  by  dissolution  in  boil- 
ing alcohol,  from  which  it  separates  on  cooling  in  glistening  micro- 
scopic prisms  which  melt  at  189°. 

A  specimen,  after  drying  at  100°,  gave  the  following  result : — 
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O'lOll  gram  gave  22  8  c.c.  of  nitrogen  at  20"  and  7G9  mm. 

Theory  for 
p  ,r  ^CO'XHOjHy 
^-^<\C0-NH2         •  Found. 

N"    1359  per  cent.  l.'3Gl  per  cent. 

Succinmoiiobenz\'lamido,  in  its  behaviour  towards  solvents,  re- 
sembles the  diamide,  from  which  it  is  readily  distinguislied  by  the 
ease  with  which  it  gives  off  ammonia  on  boiling  with  fi.Ked  alkali. 

On  heating,  it  first  melts,  and  at  a  higher  temperature  parts  with 
ammonia,  regenerating  the  imide. 

The  following  comparatively  easy  decomposition  of  normal  benzyl- 
ammonium  succinate  is  worthy  of  note. 

A  small  quantity  of  the  syrupy  mother-liquor  from  some  di- 
benzylammoninm  succinate  was  evaporated  in  a  glass  dish  on  the 
water-bath  as  far  as  possible,  dried  for  a  couple  of  hours  in  a  water- 
oven,  and  placed  in  a  desiccator  over  oil  of  vitriol,  where  it  remained 
untouched  for  about  seven  weeks.  On  attempting  to  redissolve  the 
product  in  water,  it  was  found  that  a  portion  representing  about  20 
per  cent,  of  the  whole  refused  to  dissolve.  This  was  collected, 
washed,  and  crystallised  from  hot  alcohol,  in  which  it  was  easily 
soluble.  The  crystals  which  separated  were  easily  seen  to  be  a 
mixture  of  two  compounds,  and  the  melting  point,  196°,  did  not 
agree  with  any  compound  described  in  this  paper.  The  crystals 
were  directly  digested  with  chloroform,  and  a  rather  sharp  separation 
was  thus  effected,  the  products*  so  obtained  gave  the  following 
ix'sults  :  — 

I.  Product  insoluble  in  chloroform ;  m.  p.  205 — 206°. 

0'18G-4  gram  gave   16   c.c.   of  nitrogen  at    180^   C.  and  762  mm. 
N  =  9-88  per  cent. 

II.  Product  soluble  in  chloroform  and  left  as  residue  on  evapora- 
tion ;  m.  p.  102—103°. 

01956  gram  gave   134  c.c.  nitrogen  at  17°  C.  and  760"5  mm.,  or 
N  =  7-91  per  cent. 

SuccLndibenzjlamide.  I.  Found. 

M.  p.  205—206^  M.  p.  205—206". 

X 9-15  per  cent.  9'88  per  cent. 

Succinbenzvlimide.  TI.  Found. 

M.  p.  99=  C.  M.  p.  102—10.3°. 

N 7"-lU  per  cent.  7"91  per  cent. 

*  The  quantity  of  material  at  my  disposal  was  too   small  to  attempt  a  further 
purification. 

VOL.    LV.  2    Y 


634  MEXDELEEFF:    THE   PERIODIC   LAW 

Considering  that  the  compounds  were  not  quite  pure,  the  analytical 
results  and  melting  points  leave  no  doubt  as  to  their  identity.  A 
few  hours'  heating  in  the  water-oven  and  exposure  for  several 
weeks  over  oil  of  vitriol  were,  therefore,  sufficient  to  cause  a  partial 
loss  of  the  elements  of  water  and  benzylamine  from  anhydrous 
benzylammonium  succinate,  and  the  production  of  a  mixture  of  the 
amide  and  imide. 

JJniversitij  Laboratory, 

Trinity  College,  Dithlin. 


LXIII. — The  Periodic  Law  of  the  Chemical  Elements. 

By  Professor  Mendeleeff. 

(Faraday  Lecture  delircrecl  before  the  Fellows  of  the  Chemioal  Society  in  the 
Theatre  of  the  Royal  Institution,  on  Tuesday,  June  4th,  1889.) 

The  high  honour  bestowed  by  the  Chemical  Society  in  inviting  me 
to  pay  a  tribute  to  the  world-famed  nume  of  Faraday  by  delivering 
this  lecture  has  induced  me  to  take  for  its  subject  the  Periodic  Law 
of  the  Elements — this  being  a  generalisation  in  chemistry  which  has 
of  late  attracted  much  attention. 

While  science  is  pursuing  a  steady  onward  movement,  it  is  con- 
venient from  time  to  time  to  cast  a  glance  back  on  the  route  already 
traversed,  and  especially  to  consider  the  new  conceptions  which  aim 
at  discovering  the  general  meaning  of  the  stock  of  facts  accumulated 
from  day  to  day  in  our  laboratories.  Owing  to  the  possession  of 
laboratories,  modern  science  now  bears  a  new  character,  quite  unknown 
not  only  to  antiquity  but  even  to  the  preceding  century.  Bacon's 
and  Descartes'  idea  of  submitting  the  mechanism  of  science  simul- 
taneously to  experiment  and  reasoning  has  been  fully  realised  in  the 
ease  of  chemistry,  it  having  become  not  only  possible  but  always 
customary  to  experiment.  Under  the  all-penetrating  control  of 
experiment,  a  new  theory,  even  if  crude,  is  quickly  strengthened, 
provided  it  be  founded  on  a  sufficient  basis ;  the  asperities  are 
removed,  it  is  amended  by  degrees,  and  soon  loses  the  phantom 
light  of  a  shadowy  form  or  of  one  founded  on  mere  prejudice; 
it  is  able  to  lead  to  logical  conclusions  and  to  submit  to  experi- 
mental proof.     Willingly  or  not,  in  science  we  all   must   submit  not 
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to  what,  seems  to  us  attractive  from  one  point  of  view  or  from  another, 
but  to  what  represents  an  agreement  between  theory  and  experiment; 
in  other  words,  to  demonstrated  generalisation  and  to  the  approved 
experiment.  Is  it  long  since  many  refused  to  accept  the  generalisa- 
tions involved  in  the  law  of  Avogadro  and  Ampere,  so  widely  ex- 
<ended  by  Gerhardt?  We  still  jnay  hear  the  voices  of  its  opponents; 
they  enjoy  perfect  freedom,  but  vainly  will  their  voices  rise  so  long 
as  they  do  not  use  the  language  of  demonstrated  facts.  The  striking 
observations  with  the  spectroscope  which  liave  permitted  us  to 
aTialyse  the  chemical  constitution  of  distant  worlds,  seemed,  at  first, 
applicable  to  the  task  of  detei-mining  the  nature  of  the  atoms  them- 
selves ;  but  the  working  out  of  the  idea  in  the  laboratory  soon  demon- 
strated that  the  characters  of  spectra  are  determined — not  directly 
by  the  atoms,  but  by  the  molecules  into  which  the  atoms  are  packed ; 
and  so  it  became  evident  that  more  verified  facts  must  be  collected 
before  it  will  be  possible  to  formulate  new  generalisations  capable  of 
taking  their  place  beside  those  ordinary  ones  based  upon  the  con- 
ception of  simple  bodies  and  atoms.  But  as  the  shade  of  the  leaves 
and  roots  of  living  plants,  together  with  the  relics  of  a  decayed 
vegetation,  favour  the  growth  of  the  seedling  and  serve  to  promote 
its  luxurious  development,  in  like  manner  sound  generalisations — 
together  with  the  relies  of  those  which  have  proved  to  be  untenable 
— promote  scientific  productivity,  and  ensure  the  luxurious  growth  of 
science  under  the  influence  of  rays  emanating  from  the  centres  of 
scientific  energy.  Such  centres  are  scientific  associations  and 
societies.  Before  one  of  the  oldest  and  most  powerful  of  these  I  am 
about  to  take  the  liberty  of  passing  in  review  the  20  years'  life  of  a 
generalisation  which  is  known  under  the  name  of  the  Periodic  Law. 
It  was  in  March,  1869,  that  I  ventured  to  lay  before  the  then 
youthful  Russian  Chemical  Society  the  ideas  upon  the  same  subject, 
which  I  had  expressed  in  my  just  written  "  Principles  of  Chemistry." 

Without  entering  into  details,  I  will  give  the  conclusions  I  then 
arrived  at,  in  the  very  words  I  used : — 

"  I.  The  elements,  if  arranged  according  to  their  atomic  weights, 
exhibit  an  evident  periodi'ity  of  properties. 

"  2i.  Elements  which  are  similar  as  regards  their  chemical  propei'ties 
have  atomic  weights  which  are  either  of  nearly  the  same  value  (e.g., 
platinum,  iridium,  osmium)  or  which  increase  regularly  (e.g.,  potas- 
sium, rubidium,  ctesium). 

"  3.  The  arrangement  of  the  elements,  or  of  gi'oups  of  elements  in 
the  order  of  their  atomic  weights  corresponds  to  their  so-called 
valencies  as  well  as,  to  some  extent,  to  their  distinctive  chemical 
properties — as  is  apparent  among  other  series  in  that  of  lithium, 
beryllium,  barium,  carbon,  nitrogen,  oxygen  and  iron. 
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"  4.  Tlie  elements  whicli  are  the  most  widely  diffused  liave  small 
atomic  weights. 

"  5.  The  magnitude  of  the  atomic  weight  determines  the  character 
of  the  element  just  as  the  magnitude  of  the  molecule  determines  the 
character  of  a  compound  body. 

"  6.  We  must  expect  the  discovery  of  many  yet  unknown  elements, 
for  example,  elements  analogous  to  aluminium  and  silicon,  whose 
atomic  weight  would  be  between  65  and  75. 

"  7.  The  atomic  weight  of  an  element  may  sometimes  be  amended 
by  a  knowledge  of  those  of  the  contiguous  elements.  Thus,  the 
atomic  weight  of  tellurium  must  lie  between  123  and  126,  and  cannot 
be  128. 

"  8.  Certain  characteristic  properties  of  the  elements  can  be  foretold 
from  their  atomic  weights. 

"  The  aim  of  this  communication  will  be  fully  attained  if  I  succeed  in 
drawing  the  attention  of  investigators  to  those  relations  which  exist 
between  the  atomic  weights  of  dissimilar  elements,  which,  as  far  as 
I  know,  have  hitherto  been  almost  completely  neglected.  I  believe 
that  the  solution  of  some  of  the  most  important  problems  of  (mr 
science  lies  in  researches  of  this  kind." 

To-day,  20  years  after  the  above  conclusions  were  formulated,  they 
may  still  be  considered  as  expressing  the  essence  of  the  now  well- 
known  periodic  law. 

Reverting  to  the  epoch  terminating  with  the  sixties,  it  is  proper  to 
indicate  three  series  of  data  without  the  knowledge  of  which  the 
periodic  law  could  not  have  been  discovered,  and  which  rendered  its 
appearance  natural  and  intelligible. 

In  the  first  place,  it  was  at  that  time  that  the  numerical  value  of 
atomic  weights  became  definitely  known.  Ten  years  earlier  such 
knowledge  did  not  exist,  as  may  be  gathered  from  the  fact  that  in 
1860  chemists  from  all  parts  of  the  world  met  at  Karlsruhe  in  order 
to  come  to  some  agreement,  if  not  with  respect  to  views  relating  to 
atoms,  at  any  rate  as  regards  their  definite  representation.  Many  of 
those  presfent  probably  remember  how  vain  were  the  hopes  of  coming 
to  an  understanding,  and  how  much  ground  was  gained  at  that 
Congress  by  the  followers  of  the  unitary  theory' so  brilliantly  repre- 
sented by  Cannizzaro.  I  vividly  remember  the  impression  produced 
bv  his  speeches,  which  admitted  of  no  compromise,  and  seemed 
to  advocate  truth  itself,  based  on  the  conceptions  of  Avogadro, 
Gerhardt  and  Regnault,  which  at  that  time  were  far  from  being 
generally  recognised.  And  though  no  understanding  could  be 
arrived  at,  yet  the  objects  of  the  meeting  were  attained,  for  the  ideas 
of  Cannizzaro  proved,  after  a  few  years,  to  be  the  only  ones  which 
could     stand    criticism,   and    whicli    represented    an    atom  as — "  the 
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smallest  portion  ot"  an  uleraent  wliich  enters  into  a  molecule  of  i<s 
compound."  Only  such  real  atomic  weights — not  conventional  ones 
— conld  afford  a  basis  for  generalissition.  It  is  sufficient,  by  way  ot" 
example,  to  indicate  the  following  cases  in  which  the  relation  is  seen 
at  once  and  is  perfectly  clear: — 

K    =  39  Rb  =  85  Cs  =  133 

Ca  =r.  40  Sr   =  S7  Ba  =  137 

whereas  with  the  ec^uivalents  then  in  use — 

K   =  39  Rb  =  85  Cs  =  133 

Ca  =  20  Sr   =  43-5  Ba  =  68-5 

the  consecutiveness  of  change  in  atonuic  weight,  which  with  the 
true  values  is  so  evident,  completely  disappears. 

Secondly,  it  had  become  evident  during  the  period  1860-70,  and 
even  during  the  preceding  decade,  that  the  relations  between  the 
atomic  weights  of  analogous  elements  were  goveiaied  by  some  general 
and  simple  laws.  Cooke,  Cremers,  Gladstone,  Gmelin,  Lenssen, 
Pettenkofer,  and  especially  Dumas,  had  already  established  many 
facts  bearing  on  that  view.  Thus  Dumas  compared  the  following 
groups  of  analogous  elements  with  organic  radicles — 

DifP.  Diff.  DiC  Diff. 

Mg  =  12)  P    =    31^  0    =    8. 
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Li    =    7\.a  Ca    =  20{  As  =    75.'  S    =16 

MO  ^3x8  U4  ^3x8 

Na  =  23  J  Sr     =  u]  Sb  =  119^  Se  =  40-^ 

1  Ifi  ^3   X   8  ^2  X  44  ^3  X  8 

K     =39/^^  Ba   =  68-'  Bi   =  207^  Te  =  64^ 

and  pointed   out  some  really  striking  relationships,  such  as  the  fol- 
lowing : — 

F    =  19. 

CI  =  35-5  =  19  +  TG-5. 

Br  =  80     =  19  +  2  X  16-5  +  28. 

I     =  127  =  2  X  19  +  2  X  16-5  +  2  x  28. 

A.  Strecker,  in  his  work  "  Theorien  und  Experimente  ziir  Bestim- 
mung  der  Atomgewichte  der  Elemente"  (Braunschweig,  1859),  after 
summarising  the  data  relating  to  the  subject,  and  pointing  out  the 
remarkable  series  of  equivalents — 

Cr  =  26-2        Mn  =  27-6         Fe  =  28         Ni  =  29         Co  =  30 
Cu  =  31-7         Zn  =  32-5 

remarks  that :    "  It  is  hardly  probable  that  all  the  above-mentioned 
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relations  between  the  atomic  weights  (or  equivalents)  of  chemically 
analogous  elements  are  merely  accidental.  We  must,  however,  leave 
to  the  future  the  discovery  of  the  law  of  the  relations  which  appears 
in  these  figures."  * 

In  such  attempts  at  arrangement  and  in  such  views  are  to  be 
recognised  the  real  forerunners  of  the  periodic  law ;  the  ground  was 
prepared  for  it  between  1860  and  1870,  and  that  it  was  not  ex- 
pressed in  a  determinate  form  before  the  end  of  the  decade,  may, 
I  suppose,  be  ascribed  to  the  fact  that  only  analogous  elements  had 
been  compared.  The  idea  of  seeking  for  a  relation  between  the  atomic 
weights  of  all  the  elements  was  foreign  to  the  ideas  then  current,  so 
that  neither  the  vis  tellurique  of  De  Chancourtois,  nor  the  law  of 
octaves  of  Newlands,  could  secure  anybody's  attention.  And  yet  both 
De  Chancourtois  and  N^ewlands,  like  Dumas  and  Strecker,  more  than 
Lenssen  and  Pettenkofer,  had  made  an  approach  to  the  periodic  law 
and  had  discovered  its  germs.  The  solution  of  the  problem  advanced 
but  slowly,  because  the  facts,  and  not  the  law,  stood  foremost  in  all 
attempts  ;  and  the  law  could  not  awaken  a  general  interest  so  long  as 
elements,  having  no  apparent  connection  with  each  other,  were 
included  in  the  same  octave,  as  for  example : — 


1st    octare    of 

Xewlands  . . 

H 

F 

CI 

Co  &  Ki 

Br 

Pd 

I 

Pt    &   Ir 

7tli   Ditto 1 

0 

S 

Fe 

Se 

Eh  &  Eu 

Te 

Au 

Os  or  Th 

Analogies  of  the  above  order  seemed  quite  accidental,  and  the  more 
so  as  the  octave  contained  occasionally  10  elements  instead  of  eight, 
and  when  two  such  elements  as  Ba  and  V,  Co  and  Ni,  or  Kh  and  Ru, 
occupied  one  place  in  the  octave. f  Nevertheless,  the  fruit  was  ripen- 
ing, and  I  now  see  clearly  that  Strecker,  De  Chancourtois  and  New- 
lauds  stood  foremost  in  the  way  towards  the  discovery  of  the  periodic 
law,  and  that  they  merely  wanted  the  boldness  necessary  to  place  the 
whole  question  at  such  a  height  that  its  reflection  on  the  facts  could 
be  clearly  seen. 

A  third  circumstance  which  revealed  the  periodicity  of  chemical 
elements  was  the  accumiilation,  by  the  end  of  the  sixties,  of  new 
information  respecting  the  rare  elements,  disclosing  their  many- 
sided    relations    to    the   other   elements   and   to   each   other.      The 

*  "Es  ist  -wolil  kaum  anzunelimen,  dass  alle  im  Vorhergebenden  hervorgebobenen 
Beziebungen  zwiscben  den  Atomgewicbten  (oder  Aequivalenten)  in  cbeniisoben 
Yerbiiltnissen  einander  iibnlicbe  Elemente  bless  zufallig  sind.  Die  Auffindiing  der 
in  diesen  Zablen  gesetzUchen  Beziebungen  miissen  wir  jedocb  der  Zukunft 
iiberlassen.'" 

t  To  judge  from  J.  A.  E.  Newlands'  work,  On  the  Dixcorery  of  the  Periodic 
Law,  London,  1884,  p.  149;  "On  the  Law  of  Octaves"  (from  the  Chemical  News, 
12,  83,  August  18,  1865). 
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researches  of  Marignac  on  Jii()l)iiiin,  and  those  of  Roscoe  on  vana- 
dium were  of  special  moment.  The  striking  analogies  between 
vanadium  and  phosphorus  on  the  one  hand,  and  between  vanadium 
and  chromium  on  the  other,  wliich  became  so  apparent  in  the  investi- 
gations connected  v^nth  that  element,  naturally  induced  the  com- 
parison of  V  =  51  with  Cr  =  52,  Nb  =  04  with  Mo  =  96,  and 
Ta  =  192  with  W  =  194;  while,  on  the  other  hand,  P  =  81  could 
be  compared  with  S  =  32,  As  =  75  Avith  Se  ^  79,  and  Sb  :=  120 
with  'J'e  =  125.  From  such  approximations  there  remained  but  one 
step  to  the  discovery  of  the  law  of  periodicity. 

The  law  of  periodicity  was  thus  a  direct  outcome  of  the  stock  of 
generah'sations  and  established  facts  which  had  accumulated  by  the 
end  of  the  decade  1860 — 1870  :  it  is  an  embodiment  of  those  data  in 
a  m.ore  or  less  systematic  expression.  Where,  then,  lies  the  secret  of 
the  special  importance  which  has  since  been  attached  to  the  periodic 
law,  and  has  raised  it  to  the  position  of  a  generalisation  which  has 
already  given  to  chemistry  unexpected  aid,  and  which  promises  to  be 
far  more  fruitful  in  the  future  and  to  impress  upon  several  branches  of 
chemical  reseai'ch  a  peculiar  and  original  stamp  ?  The  remaining 
part  of  my  communication  will  be  an  attempt  to  answer  this  question. 

In  the  first  place  we  have  the  cii'cumstance  that,  as  soon  as  the 
law,  made  its  appearance,  it  demanded  a  revision  of  many  facts  which 
were  considered  by  chemists  as  fully  established  by  existing  ex- 
perience. I  shall  return,  later  on,  briefly  tu  this  subject,  but  I  wish 
now  to  remind  you  that  the  periodic  law,  by  insisting  on  the  necessity 
for  a  revision  of  supposed  facts,  exposed  itself  at  once  to  destruction 
in  its  very  origin.  Its  first  requirements,  however,  have  been  almost 
entirely  satistied  during  the  last  2U  years  ;  the  supposed  facts  have 
yielded  to  the  la\v,  thus  proving  tbat  the  law  itself  was  a  legitimate 
induction  from  the  veriiied  facts.  But  our  inductions  from  data  have 
often  to  do  with  such  details  of  a  science  so  rich  in  facts,  that  only 
generalisations  which  cover  a  wide  range  of  important  phenomena 
can  attract  general  attention.  What  were  the  regions  touched  on  by 
the  periodic  law"  ?     This  is  what  we  shall  now  consider. 

The  most  important  point  to  notice  is,  that  periodic  functions,  used 
for  the  purpose  of  expressing  changes  which  are  depemlent  on  varia- 
tions of  time  and  space,  have  been  long  known.  They  are  familiar 
to  the  mind  when  we  have  to  deal  with  motion  in  closed  cycles,  or 
with  any  kind  of  deviation  from  a  stable  position,  such  as  occurs  in 
])eudulum-oscillations.  A  like  periodic  function  became  evident  in 
the  case  of  the  elements,  depending  on  the  mass  of  the  atom. 
The  primary  conception  of  the  masses  of  bodies  or  of  the  masses  of 
atoms  belongs  to  a  category  which  the  present  state  of  science  forbids 
us  to  discuss,   because   as  yet  we    have  no    means    of    dissecting   or 
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analysing  the  conception.  All  that  was  known  of  functions  dependent 
on  masses  derived  its  origin  from  Galileo  and  Newton,  and  indicated 
that  such  functions  either  decrease  or  increase  with  the  increase  of 
mass,  like  the  attraction  of  celestial  bodies.  The  numerical  expression 
of  tlie  phenomena  was  always  found  to  be  proportional  to  the 
mass,  and  in  no  case  was  an  increase  of  mass  followed  by  a  recur- 
rence of  properties  such  as  is  disclosed  by  the  periodic  law  of  the 
elements.  This  constituted  such  a  novelty  in  the  study  of  the  pheno- 
mena of  nature  that,  although  it  did  not  lift  the  veil  which  conceals 
the  true  conception  of  mass,  it  nevertheless  indicated  that  the  ex- 
planation of  that  conception  must  be  searched  for  in  the  masses  of 
the  atoms ;  the  more  so,  as  all  masses  are  nothing  but  aggregations, 
or  additions,  of  chemical  atoms  which  would  be  best  described  as 
chemical  individuals.  Let  me  remark  by  the  way  that  though  the 
Latin  word  "individual"  is  merely  a  translation  of  the  Greek  word 
"  atom,"  nevertheless  history  and  custom  have  drawn  so  sharp  a  dis- 
tinction between  the  two  words,  and  the  present  chemical  conception  of 
atoms  is  nearer  to  that  defined  by  the  Latin  word  than  by  the  Greek, 
although  this  latter  also  has  acquired  a  special  meaning  which  was 
unknown  to  the  classics.  The  periodic  law  has  shown  that  our  chemical 
individuals  display  a  harmonic  periodicity  of  properties,  dependent  on 
their  masses.  Now,  natural  science  has  long  been  accustomed  to  deal 
with  periodicities  observed  in  nature,  to  seize  them  with  the  vice  of 
mathematical  analysis,  to  submit  them  ^o  the  rasp  of  experiment.  And 
these  instruments  of  scientific  thought  would  surely,  long  since,  have 
mastered  the  problem  connected  with  the  chemical  elements,  were  it 
not  for  a  new  feature  which  was  brought  to  light  by  the  periodic 
law  and  which  gave  a  peculiar  and  original  character  to  the  periodic 
function. 

If  we  mark  on  an  axis  of  abscissae  a  series  of  lengths  proportional 
to  angles,  and  trace  ordinates  which  are  proportional  to  sines  or  other 
trigonometrical  functions,  we  get  periodic  curves  of  a  harmonic 
character.  So  it  might  seem,  at  first  sight,  that  with  the  increase  of 
atomic  weights  the  function  of  the  properties  of  the  elements  should 
also  vary  in  the  same  harmonious  way.  But  in  this  case  there  is  no 
such  continuous  change  as  in  the  curves  just  referred  to,  because  the 
periods  do  not  contain  the  infinite  number  of  points  constituting  a 
carve,  but  a  finite  number  only  of  such  points.  An  example  will 
better  illustrate  this  view.     The  atomic  weights — 

Ag  =  108  Cd  =  112  In  =  113  Sn  =  118 

Sb  =  120  Te  =  125  I  =  127 

steadily  increase,  and  their  increase  is  accompanied  by  a  modification 
of  many  properties  which  constitutes  the  essence  of  the  pei-iodic  law. 
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Thus,    for   example,    the'  densities    o£   the    above  elements    decrease 
steadily,  being  respectivelj — 

10-5  8-6  7-4-  7-2  G-7  6-4  4-9 

while  their  oxides  contain  an  increasing  quantity  of  oxygen  : — 
Ag,0         Cd.O^         ln,0:,         Sn.04         Sb,03         Te.Oe         I.O; 

But  to  connect  by  a  curve  the  summits  of  the  ordinates  expressing 
any  of  these  properties  would  involve  the  rejection  of  Dalton's  law 
of  multiple  proportions.  Not  only  are  there  no  intermediate  elements 
between  silver,  which  gives  AgCl,  and  cadmium,  which  gives  CdCL, 
but,  according  to  the  very  essence  of  the  periodic  law  there  can  be 
none ;  in  fact  a  uniform  curve  would  be  inapplicable  in  such  a  case,  as 
it  would  lead  us  to  expect  elements  possessed  of  special  properties 
at  any  point  of  the  curve.  The  periods  of  the  elements  have  thus  a 
character  very  ditferent  from  those  which  are  so  simply  represented 
by  geometers.  They  correspond  to  points,  to  numbers,  to  sudden 
changes  of  the  masses,  and  not  to  a  continuous  evolution.  In  these 
sudden  changes  destitute  of  intermediate  steps  or  positions,  in  the 
absence  of  elements  intermediate  between,  say,  silver  and  cadmium,  or 
aluminium  and  silicon,  we  must  recognise  a  problem,  to  which  no 
direct  application  of  the  analysis  of  the  infinitely  small  can  be  made. 
Therefore,  neither  the  trigonometrical  functions  proposed  by  Ridberg 
and  Flavitzky,  nor  the  pendulum-oscillations  suggested  by  Crookes, 
nor  the  cubical  curves  of  the  Rev.  Mr.  Haughton,  which  have  been  pro- 
posed for  expressing  the  pei-iodic  law,  from  the  nature  of  the  case, 
can  represent  the  periods  of  the  chemical  elements.  If  geometrical 
analysis  is  to  be  applied  to  this  subject  it  will  require  to  be  modified 
in  a  special  manner.  It  must  find  the  means  of  representing  in  a 
special  way  not  only  such  long  periods  as  that  comprising, 

K     Ca     Sc     Ti     V     Cr     Mn     Fe     Co     Ni     Cu     Zn     Ga     G 

As     Se     Br, 
but  short  periods  like  the  following:  — 

Na        Mg         Al         Si         P         S         CI. 

In  the  theory  of  numbers  only  do  we  find  problems  acalogous 
to  ours,  and  two  attempts  at  expressing  the  atomic  weights  of  the 
elements  by  algebraic  formulae  seem  to  be  deserving  of  attention, 
although  neither  of  them  can  be  considered  as  a  complete  theory,  nor 
as  promising  finally  to  solve  the  problem  of  the  periodic  law.  The 
attempt  of  E.  J.  Mills  (1886)  does  not  even  aspire  to  attain  this  end. 
He  considers  that  all  atomic  weights  c£n  be  expressed  by  a  logarithmic 
function, 

1.5(u  -  0-937o0, 
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in  which  the  variables  »  and  t  are  whole  mcmhers.  Thus,  for  oxygen, 
n  =:  2,  and  ^  =  1,  whence  its  atomic  weight  is  =  15'94 ;  in  the  case 
of  chlorine,  bromine,  and  iodine,  n  has  respective  values  of  3,  6,  and 
9,  while  ^  =  7,  6,  and  9  ;  in  tlie  case  of  potassium,  rubidium,  and 
caesium,  n  =  4,  6,  and  9,  and  t  =  14,  18,  and  20. 

Another  attempt  was  made  in  1888  by  B.  N".  Tchitcherin.  Its 
author  places  the  problem  of  the  periodic  law  in  the  first  rank,  but 
as  yet  he  has  investigated  the  alkaline  metals  only.  Tchitcherin 
first  noticed  the  simple  relations  existing  between  the  atomic  volumes 
of  all  alkaline  metals  ;  they  can  be  expressed,  according  to  his  views, 
by  the  formula 

A(2  -  0-00.535Ara), 

where  A  is  the  atomic  weight,  and  n  is  equal  to  8  for  lithium  and 
sodium,  to  4  for  potassium,  to  3  for  rubidium,  and  to  2  for  caesium. 
If  n  remained  equal  to  8,  during  the  increase  of  A,  then  the  volume 
would  become  zero  at  A  =  46f ,  and  it  would  reach  its  maximum  at 
A  =^  23^.  The  close  approximation  of  the  number  46f  to  the 
differences  between  the  atomic  weights  of  analogous  elements  (such 
as  Cs  —  Rb,  I  —  Br,  and  so  on)  ;  the  close  correspondence  of  the 
number  23^  to  the  atomic  weight  of  sodium  ;  the  fact  of  n  being 
necessarily  a  whole  number,  and  several  other  aspects  of  the  ques- 
tion, induce  Tchitclierin  to  believe  that  they  afford  a  clue  to  the 
understanding  of  the  nature  of  the  elements ;  we  must,  however, 
await  the  full  development  of  his  theory  before  pronouncing  judg- 
ment on  it.  What  we  can  at  present  only  be  certain  of  is  this :  that 
attempts  like  the  two  above  named  must  be  repeated  and  multi- 
plied, because  the  periodic  law  has  clearly  shown  that  the  masses  of 
the  atoms  increase  abruptly,  by  steps,  which  are  clearly  connected 
in  some  way  with  Dalton's  law  of  multiple  proportions  ;  and  because 
the  periodicity  of  the  elements  finds  expression  in  the  transition  from 
RX  to  RX2,  RX3,  RX4,  and  so  on  till  RXs,  at  which  point  the 
energy  of  the  combining  forces  being  exhausted,  the  series  begins 
anew  from  RX  to  RX2,  and  so  on. 

While  connecting  by  new  bonds  the  theory  of  the  chemical  elements 
with  Dalton's  theory  of  multiple  proportions,  or  atomic  structure  of 
bodies,  the  periodic  law  opened  for  natural  philosophy  a  new  and 
wide  field  for  speculation.  Kant  said  that  there  are  in  the  world 
"  two  things  which  never  cease  to  call  for  the  admiration  and  rever- 
ence of  man :  the  moral  law  within  ourselves,  and  the  stellar  sky 
above  us."  But  when  we  turn  our  thoughts  towards  the  nature  of 
the  elements  and  the  periodic  law,  we  must  add  a  third  subject, 
namely,  "  the  nature  of  the  elementary  individuals  which  we  discover 
everywhere  around  us."  Without  them  the  stellar  sky  itself  is 
inconceivable;  and  in  the   atoms  we  see  at  once  their  peculiar  indi- 
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vidualities,  the   infinite  multiplicity  of  tlie   iiidividiiiils,  and   the  sub- 
mission of  their  seeming'  freedom  to  the  general  harmony  of  Nature. 

Having  thus  indicated  a  new  mystery  of  Nature,  which  does  not 
yet  yield  to  rational  conception,  the  periodic  law,  together  with  the 
revelations  of  spectrum  analysis,  have  contributed  to  again  revive 
an  old  but  remarkably  long-lived  hope — that  of  discovering,  if  not 
by  experiment,  at  least,  by  a  mental  effort,  the  priniarij  matter — 
which  had  its  genesis  in  the  minds  of  the  Grecian  philosophers, 
and  has  been  transmitted,  together  with  many  otiier  ideas  of  the 
classic  period,  to  the  heirs  of  their  civilisation.  Having  grown,  during 
the  times  of  the  alchemists  up  to  the  period  when  experimental 
])roof  was  required,  the  idea  has  rendered  good  service ;  it  induced 
those  careful  observations  and  experiments  which  later  on  called 
into  being  the  works  of  Scheele,  Lavoisier.  Priestley  and  Cavendish. 
It  then  slumbered  awhile,  but  was  soon  awakened  by  the  attempts 
either  to  confirm  or  to  refute  the  ideas  of  Prout  as  to  the  multiple 
proportion  relationship  of  the  atomic  weights  of  all  the  elements. 
And  once  again  the  inductive  or  experimental  method  of  studying 
Nature  gained  a  direct  advantage  from  the  old  Pythagorean  idea: 
because  atomic  weights  were  determined  with  an  accuracy  formerly 
unknown.  But  again  the  idea  could  not  stand  the  ordeal  of  experi- 
mental test,  yet  the  prejudice  remains  and  has  not  been  uprooted, 
even  by  Stas ;  nay,  it  has  gained  a  new  vigour,  for  we  see  that  all 
which  is  imperfectly  worked  out,  new  and  unexplained,  from  the 
still  scarcely  studied  rare  metals  to  the  hardly  perceptible  nebulee, 
have  been  used  to  justify  it.  As  soon  as  spectrum  analysis  appears  as 
a  new  and  powerful  weapon  of  chemistry,  the  idea  of  a  primary 
matter  is  immediately  attached  to  it.  From  all  sides  we  see  attempts 
to  constitute  the  imaginary  substance  helium*  the  so  much  longed 
for  primary  matter.  No  attention  is  paid  to  the  circumstance  that 
the  helium  line  is  only  seen  in  the  spectrum  of  the  solar  protube- 
rances, so  that  its  universality  in  Nature  remains  as  problematic  as  the 
primary  matter  itself;  nor  to  the  fact  that  the  helium  line  is  wanting 
amongst  the  Fraunhofer  lines  of  the  solar  spectrum,  and  thus  does 
not  answer  to  the  brilliant  fundamental  conception  which  gives  its 
real  force  to  spectrum  analysis. 

And  finalh',  no  notice  is  even  taken  of  the  indubitable  fact  that  the 
brilliancies  of  the  spectral  lines  of  the  simple  bodies  vary  under 
diiJerent  temperatux'es  and  pressures  ;  so  that  all  probabilities  are  in 
favour  of  the  helium  line  simply  belonging  to  some  long  since  known 
element  placed  under  such  conditions  of  temperature,  pressure,  and 
gravity  as  have  not  yet  been  realised  in  our  experiments.  Again,  the 
idea  that  the  excellent  investigations  of  Lockyer  of  the  spectrum  of 
*  That  is,  a  body  having  a  wave-length  equal  to  0'0005S75  millimetre. 
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iron  can  be  interpreted  in  favour  of  the  compound  nature  of  that 
element,  evidently  must  have  arisen  from  some  misunderstanding. 
The  spectrum  of  a  compound  body  certainly  does  not  appear  as  a  sum 
of  the  spectra  of  its  components  ;  and  therefore  the  observations  of 
Lockyer  can  be  considered  precisely  as  a  proof  that  iron  undergoes 
no  other  changes  at  the  temperature  of  the  suii  but  those  which  it 
experiences  in  the  voltaic  arc — provided  the  spectrum  of  iron  is  pre- 
served. As  to  the  shifting  of  some  of  the  lines  of  the  spectrum  of  iron 
while  the  other  lines  maintain  their  positions,  it  can  be  explained,  as 
shown  by  M.  Kleiber  {Journal  of  the  Rubsian  Chemical  and  Physical 
Society,  1885, 147),  by  the  relative  motion  of  the  various  strata  of  the 
sun's  atmosphere,  and  by  Zollner's  laws  of  the  relative  brilliancies  of 
difi'erent  lines  of  the  spectrum.  Moreover,  it  ought  not  to  be  forgotten 
that  if  iron  were  really  pi"oved  to  consist  of  two  or  more  unknown 
elements,  we  simply  should  have  an  increase  of  the  number  of  our 
elements — not  a  reduction,  and  still  less  a  reduction  of  all  of  them  to 
one  single  primary  matter. 

Feeling  that  spectrum  analysis  will  not  yield  a  support  to  the 
Pythagorean  conception,  its  modern  promoters  are  so  bent  upon 
its  being  confirmed  by  the  periodic  law,  that  the  illustrious  Berthelot, 
in  his  work  Les  origiues  de  V Alcldmie,  1885,  313,  has  simply  mixed  up 
the  fundamental  idea  of  the  law  of  periodicity  with  the  ideas  of 
Prout,  the  alchemists,  and  Democritus  about  primar}'  matter.*  But 
the  periodic  law,  based  as  it  is  on  the  solid  and  wholesome  ground 
of  experimental  research,  has  been  evolved  independently  of  any 
conception  as  to  the  nature  of  the  elements ;  it  does  not  in  the  least 
originate  in  the  idea  of  an  unique  matter  ;  and  it  has  no  historical 
connection  with  that  relic  of  the  torments  of  classical  thought,  and 
therefore  it  affords  no  more  indication  of  the  unity  of  matter  or  of 
the  compound  character  of  our  elements,  than  the  law  of  Avogadro, 
or  the  law  of  specific  heats,  or  even  the  conclusions  of  spectrum 
analysis.  Kone  of  the  advocates  of  an  unique  matter  have  ever 
tried  to  explain  the  law  from  the  standpoint  of  ideas  taken  from 
a  remote  antiquity  when  it  was  found  convenient  to  admit  the 
existence  of  many  gods — and  of  an  unique  matter. 

When  we  try  to  explain  the  origin  of  the  idea  of  an  unique 
primary  matter,  we  easily  trace  that  in  the  absence  of  inductions 
from  experiment  it  derives  its  oi'igin  from  the  scientifically  philo- 
sophical attempt  at  discovering  some  kind  of  unity  in  the  immense 
diversity  of  individualities  which  we  see  around.       In  classical  times 

*  He  maintain B  (on  p.  309)  that  the  periodic  law  requires  two  new  analogous 
elements,  having  atomic  wpights  of  48  and  64,  occupving  positions  between  sul|  hur 
and  selenium,  although  nothing  of  the  kind  results  from  any  of  the  different  x*ead- 
ings  of  the  law. 
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such  a  tendency  could  only  be  satisfied  by  concci)tioiis  al)out  the 
immaterial  world.  As  to  the  material  world,  our  ancestors  were 
compelled  to  resort  to  some  hypothesis,  and  they  adopted  the  idea 
of  unity  iii  the  formative  material,  because  they  were  not  able 
to  evolve  the  conception  oF  any  other  possible  nnity  in  order  to 
connect  the  multifarious  relations  of  matter.  Responding'  to  the 
same  legitimate  scientific  tendency,  natural  science  has  discovered 
throughout  the  universe  a  unity  of  plan,  a  nnity  of  forces,  and 
a  unity  of  matter,  and  the  convincing  conclusions  of  modern 
science  compel  everyone  to  admit  these  kinds  of  unity.  But  while 
we  admit  unity  in  many  things,  we  none  the  less  must  also 
explain  the  individuality  and  the  apparent  diversity  which  we 
cannot  fail  to  trace  everywhei'e.  It  has  been  said  of  old,  "  Give  a 
fulcrum,  and  it  will  become  easy  to  displace  the  earth."  So  also  we 
must  say,  "  Give  anything  that  is  individualised,  and  the  apparent 
diversity  will  be  easily  understood."  Otherwise,  how  could  unity 
result  in  a  multitude  ? 

After  a  long  and  painstaking  research,  natural  science  has  dis- 
covered the  individualities  of  the  chemical  elements,  and  therefore  it 
is  now  capable  not  only  of  analysing,  but  also  of  synthesising  ;  it 
can  understand  and  grasp  the  general  and  unity,  as  well  as  the 
individualised  and  the  multitudinous.  Unity  and  the  general, 
like  time  and  space,  like  force  and  motion,  vary  uniformly ;  the 
uniform  admit  of  interpolations,  revealing  every  intermediate  phase. 
]?ut  the  multitudinous,  the  individualised — like  ourselves,  like  the 
chemical  elements,  like  the  members  of  a  peculiar  periodic  function  of 
elements,  like  Dalfcon's  multiple  proportions — is  characterised  in 
another  way :  we  see  in  it — side  by  side  with  a  connecting  general 
principle — leaps,  breaks  of  continuity,  points  which  escape  from  the 
analysis  of  tlie  infinitely  small — a  complete  absence  of  intermediate 
links.  Chemistry  has  found  an  answer  to  the  question  ks  to  the  causes  of 
multitudes ;  and  while  retaining  the  conception  of  many  elements,  all 
submitted  to  the  discipline  of  a  general  law,  it  offers  an  escape 
from  the  Indian  Nirvana — the  absorption  in  the  universal,  replacing 
it  by  the  individualised.  However,  the  place  for  individuality  is  so 
limited  by  the  all-grasping,  all-powerful  universal,  that  it  is  merely  a 
fulcrum  for  the  understanding  of  multitude  in  unity. 

Having  touched  upon  the  metaphysical  bases  of  the  conception  of  an 
unique  matter  which  is  supposed  to  enter  into  the  composition  of  all 
bodies,  I  think  it  necessary  to  dwell  upon  another  theory,  akin  to  the 
above  conception, — the  theory  of  the  compound  character  of  the 
elements  now  admitted  by  some, — and  especially  upon  one  par- 
ticular circumstance  Avhich  being  related  to  the  periodic  law  is  con- 
sidered to  be  an  argument  in  favour  of  that  hypothesis. 
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Dr.  Pelopidas,  in  1883,  made  a  communication  to  tlie  Russian 
Chemical  and  Physical  Society  on  the  periodicity  of  the  hydrocarbon 
radicles,  pointing  out  the  remarkable  parallelism  which  was  to  be 
noticed  in  the  change  of  prnperties  of  hj'drocarbon  radicles  and 
elements  when  classed  in  groups.  Professor  Carnelley,  in  1886, 
developed  a  similar  parallelism.  The  idea  of  M.  Pelopidas  will  be 
easily  understood  if  we  consider  the  series  of  hydrocarbon  radicles 
which  contain,  say,  6  atoms  of  carbon  : — 

I  II  III  IV  V  VI  VII  VTII 

CeHis        CeHi2         CeHu         CeHio        Cellg         CeHg         CeHy         CeHs 

The  first  of  these  radicles,  like  the  elements  of  the  1st  group,  combines 
with  CI,  OH,  and  so  on,  and  gives  the  derivatives  of  hexyl  alcohol, 
CbHi3(0H)  ;  but,  in  proportion  as  the  number  of  hydrogen  atoms 
decreases,  the  capacity  of  the  radicles  of  combining  with,  say,  the 
halogens  increases.  CeHjo  already  combines  with  2  atoms  of  chlorine ; 
CeHu  with  3  atoms,  and  so  on.  The  last  members  of  the  series 
comprise  the  radicles  of  acids ;  thus  CeHg,  which  belongs  to  the 
Vlth  group,  gives,  like  sulphur,  abibasic  acid,  C6H80j(OH)2,  which  is  . 
homologous  with  oxalic  acid.  The  parallelism  can  be  traced  still 
further — because  CeHs  appears  as  a  monovalent  radicle  of  benzene — 
and  with  it  begins  a  new  series  of  aromatic  derivatives,  so  analogous 
to  the  derivatives  of  the  fat  series.  Let  me  also  mention  another 
example  from  among  those  which  have  been  given  by  M.  Pelo- 
pidas. Starting  from  the  alkaline  radicle  of  monomethylammonium, 
N(CH3)H3,  or  NCHs,  which  presents  many  analogies  with  the  alkaline 
metals  of  the  1st  group,  he  arrives,  by  successively  diminishing  the 
number  of  the  atoms  of  hydrogen,  at  a  seventh  group  which  con- 
tains cyanogen,  CN,  which  has  long  since  been  compared  to  the 
halogens  of  the  Vllth  group. 

The  most  important  consequence  which,  in  my  opinion,  can  be 
drawn  from  the  above  comparison  is,  that  the  periodic  law,  so  apparent 
in  the  elements,  has  a  wider  application  than  might  appear  at  first 
sight ;  it  opens  up  a  new  vista  of  chemical  evolutions.  But,  while 
admitting  the  fullest  parallelism  between  the  periodicity  of  the 
elements  and  that  of  the  compound  radicles,  we  must  not  forget 
that  in  the  periods  of  the  hydrocarbon  radicles  we  have  a  decrease 
of  mass  as  we  pas.s  from  the  representatives  of  tlie  first  group  to  the 
next ;  while  in  the  periods  of  the  elements  the  mass  increases  during 
the  progression.  It  thus  becomes  evident  that  we  cannot  speak  of  an 
identity  of  periodicity  in  both  cases,  unless  we  put  aside  the  ideas  of 
mass  and  attraction,  which  are  the  real  corner-stones  of  the  whole 
of   natural    science  and    even  eater  into    those  very  conceptions  of 
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simple  bodies  wliich  came  to  li^flit  a  full  hundred  years  later  than  tlie 
immortal  principles  of  Newton.* 

From  the  foregoing,  as  well  as  from  the  failures  of  so  niany 
attempts  at  finding  in  experiment  and  speculation  a  proof  of  the 
compound  character  of  the  elements  and  of  the  existence  of  primordial 
matter,  it  is  evident,  in  my  opinion,  that  this  theory  must  be  classed 
amongst  mere  Utopias.  But  Utopias  can  only  be  combatted  by  free- 
dom of  opinion,  by  experiment,  and  by  new  Titopias.  In  the  repnl)lic  of 
scientific  theories  freedom  of  opinions  is  guaranteed.  It  is  precisely 
that  freedom  which  permits  me  to  criticise  openly  the  widely  diffused 
idea  as  to  the  unity  of  matter  in  the  elements.  Experiments  and 
attempts  at  confii-ming  that  idea  have  been  so  numerous  that  it  really 
would  be  instructive  to  have  them  all  collected  together,  if  only  to 
serve  as  a  warning  against  the  repetition  of  old  failures.  And,  now, 
as  to  new  utopias  which  may  be  helpful  in  the  struggle  against  the 
old  ones,  I  do  not  think  it  quite  useless  to  mention  ?i  phantasy  of  one 
of  my  students  who  imagined  that  the  weight  of  bodies  docs  n(jt 
depend  upon  their  mass,  but  upon  the  character  of  the  motion  of 
their  atoms.  The  atoms,  according  to  this  new  Utopian,  mav  all  be 
homogeneous  or  heterogeneous,  we  know  not  which  ;  we  know  them 
in  motion  only,  and  that  motion  they  maintain  with  the  same  per- 
sistence as  the  stellar  bodies  maintain  theirs.  The  weights  of  atoms 
differ  only  in  consequence  of  their  various  modes  and  quantity  of 
motion;  the  heaviest  atoms  may  be  much  simpler  than  the  lio-hter 
ones  ;  thus  an  atom  of  mercury  may  be  simpler  than  an  atom  of 
hydrogen — the  manner  in  which  it  moves  causes  it  to  be  heavier. 
My  interlocutor  even  suggested  that  the  view  which  attributes  the 
greater  complexity  to  the  lighter  elements  finds  confirmation  in  the 
fact  that  the  hydrocarbon  radicles  mentioned  by  Pelopidas,  while 
becoming  lighter  as  they  lose  hydrogen,  change  their  properties 
periodically  in  the  same  manner  as  the  elements  change  theirs  accordino" 
as  the  atoms  grow  heavier. 

The  French  proverb,  La  critique  est  facile  mais  Vart  est  difficile, 
however,  may  well  be  reversed  in  the  case  of  all  such  ideal  views,  as 
it  is  much  easier  to  formulate  than  to  criticise  them.  Arisincr  fi-om 
the  virgin  soil  of  newly  established  facts,  the  knowledge  relatino-  to 
the  elements,  to  their  masses,  and  to  the  periodic  changes  of  their 
properties,  has  given  a  motive  for  the  formation  of  utooian  hypotheses, 
probably  because  they  could  not  be  foreseen  by  the  aid  of  any  of  the 

*  It  is  noteworthy  that  the  year  in  -which  Lavoisier  was  born  (1743) — tlie  author 
of  the  idea  of  elements  and  of  the  indestructibiUty  of  matter — is  later  bv  exaotlv 
one  century  than  the  year  in  which  the  author  of  the  theory  of  gravitation  and 
mass  was  born  (1613  N.S.).  The  affiliaiion  of  the  ideas  of  Lavoisier  and  tlioie  of 
Newton  is  beyond  doubt. 
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various  metaphysical  systems,  and  exist,  like  the  idea  of  gravitation,  as 
an  independent  outcome  of  natural  science,  requiring  the  acknowledge- 
ment of  general  laws,  -when  these  have  been  established  with  the 
same  degree  of  persistency  as  is  indispensable  for  the  acceptance  of  a 
thoroughly  established  fact.  Two  centuries  have  elapsed  since  the 
theory  of  gravitation  was  enunciated,  and  although  we  do  not  under- 
stand its  cause,  we  still  must  regard  gravitation  as  a  fundamental 
conception  of  natural  philosophy,  a  conception  which  has  enabled  as 
to  perceive  much  more  than  the  metaphysicians  did  or  could  with 
their  seeming  omniscience.  A  hundred  years  later  the  conception 
of  the  elements  arose ;  it  made  chemistry  what  it  now  is ;  and 
yet  we  have  advanced  as  little  in  our  comprehension  of  simple 
bodies  since  the  times  of  Lavoisier  and  Dalton  as  we  have  in  our 
understanding  of  gravitation.  The  periodic  law  of  the  elements  is 
only  20  years  old  :  it  is  not  surprising  therefore  that,  knowing  nothing 
about  the  causes  of  gravitation  and  mass,  or  about  the  nature  of  the 
elements,  we  do  not  comprehend  the  rationale  of  the  periodic  law. 
It  is  only  by  collecting  established  laws,  that  is  by  working  at  the 
acquirement  of  truth,  that  we  can  hope  gradually  to  lift  the  veil 
which  conceals  from  us  the  causes  of  the  mysteries  of  Nature  and 
to  discover  their  mutial  dependency.  Like  the  telescope  and  the 
microscope,  laws  founded  on  the  basis  of  experiment  are  the  instru- 
ments and  means  of  enlarging  our  mental  horizon. 

In  the  remaining  part  of  my  communication  I  shall  endeavour  to 
show,  and  as  briefly  as  possible,  in  how  far  the  periodic  law  contri- 
butes to  enlarge  our  range  of  vision.  Before  the  promulgation  of 
ihis  law  the  chemical  elements  were  mere  fragmentary,  incidental 
facts  in  Nature ;  there  was  no  special  reason  to  expect  the  discovery 
of  new  elements,  and  the  new  ones  which  were  discovered  from  time 
to  time  appeared  to  be  posse.ssed  of  quite  novel  properties.  The  law 
of  periodicity  first  enabled  us  to  perceive  undiscovered  elements  at  a 
distance  which  formerly  was  inaccessible  to  chemical  vision ;  and  long 
ere  thev  were  discovered  new  elements  appeared  before  our  eyes 
possessed  of  a  number  of  well-defined  properties.  We  now  know 
three  cases  of  elements  whose  existence  and  properties  were  foreseen 
by  the  instrumentality  of  the  periodic  law.  I  need  but  mention  the 
brilliant  discovery  of  gallium,  which  proved  to  correspond  to  eka- 
aluminium  of  the  periodic  law,  by  Lecoq  de  Boi.sbaudran  ;  of 
scandium,  corresponding  to  eka-boron,  by  Nilson ;  and  of  germanium, 
which  proved  to  correspond  in  all  respects  to  eka-siliciutn,  by 
Winckler.  When,  in  1871,  I  described  to  the  Ru8.siaa  Chemical 
Society  the  properties,  clearly  defined  by  the  periodic  law,  which 
.such  elements  ought  to  possess,  I  never  hoped  that  I  should  live  to 
mention  their  discovery  to  the  Chemical  Society  of  Great  Britain  as 
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a  confirmation  of  the  exactitude  and  the  generality  of  the  periodic 
law.  Now,  that  I  have  had  the  happiness  of  doing  so,  I  unhesitatingly 
say  that  although  greatly  enlarging  our  vision,  even  now  the  periodic 
law  needs  further  improvements  in  order  that  it  may  become  a  trust- 
worthy instrument  in  further  discoveries.* 

I  will  venture  to  allude  to  some  other  matters  which  chemistry 
has  discerned  by  means  of  its  new  instrument,  and  which  it  could  not 
have  made  out  without  a  knowledge  of  the  law  of  periodicity,  and  I 
will  confine  myself  to  simple  bodies  and  to  oxides. 

Before  the  periodic  law  was  formulated  the  atomic  weights  of  the 
elements  were  purely  empirical  numbers,  so  that  the  magnitude  of 
the  equivalent,  and  the  atomicity  or  the  value  in  substitution 
possessed  by  an  atom," could  only  be  tested  by  critically  examining 
the  methods  of  determination,  but  never  directly  by  considering  the 
numerical  values  themselves ;  in  short,  we  were  compelled  to  move  in 
the  dark,  to  submit  to  the  facts,  instead  of  being  masters  of  them. 
I  need  not  recount  the  methods  which  permitted  the  periodic 
law  at  last  to  master  the  facts  relating  to  atomic  weights,  and  I 
would  merely  call  to  mind  that  it  compelled  us  to  modify  the 
valencies  of  indium  and  cerium,  and  to  assign  to  their  compounds  a 
different  molecular  composition.  Determinations  of  the  specific  heats 
of  these  two  metals  fully  confirmed  the  change.  T!ie  trivalency  of 
yttrium,  which  makes  us  now  represent  its  oxide  as  Y2O3  instead  of  as 
YO,  was  also  foreseen  (in  1870)  by  the  pei'iodic  law,  and  it  now  has 
become  so  probable  that  Cleve,  and  all  other  subsequent  investigators 
of  the  rare  metals,  have  not  only  adopted  it  but  have  also  applied  it 
without  any  new  demonstration  to  bodies  so  imperfectly  known  as 
those  of  the  cerite  and  gadolinite  group,  especially  since  Hildebrand 
determined  the  specific  heats  of  lanthanum  and  didymium  and  con- 
firmed the  expectations  suggested  by  the  periodic  law.  But  here, 
especially  in  the  case  of  didymium,  we  meet  with  a  series  of  difficulties 
long  since  foreseen  through  the  periodic  law,  but  only  now  becoming 

*  I  foresee  some  more  new  elements,  biit  not  with  the  same  certitude  as  before. 
I  shall  give  one  example,  and  jet  I  do  not  see  it  quite  distinctly.  In  the  series 
which  contains  Hg  =  20-i,  Pb  =  20G,  and  Bi=  208,  we  can  guess  the  existence 
(at  the  place  VI — 11)  of  an  element  analogous  to  tellurium,  which  we  can  describe 
as  dvi-tellurium,  Dt  having  an  atomic  weight  of  212,  and  the  property  of  forming 
t.he  oxide  DtOs.  If  this  element  really  exists,  it  ought  in  the  free  state  to  be  an 
easily  fusible,  crystalline,  non-volatile  metal  of  a  grey  colour,  having  a  density  of 
about  9  3,  capable  of  giving  a  dioxide,  DtO^,  equaljy  endowed  with  feeble  acid  and 
basic  properties.  This  dioxide  must  give  on  active  oxidation  an  unstable  higher 
oxide,  Dt03,  which  should  resemble  in  its  properties  Pb02  and  BioOj.  Dvi-tellu- 
rium hydride,  if  it  be  found  to  exist,  will  be  a  less  stable  compound  than  even 
H2Te.  The  compounds  of  dvi-tellurium  will  be  easily  reduced,  and  it  will  form 
characteristic  definite  alloys  with  other  metals. 
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evident,  and  chiefly  arising  from  the  relative  rarity  and  insufficient 
knowledge  of  the  elements  which  usually  accompany  didymium. 

Passing  to  the  results  obtained  in  the  case  of  the  rare  elements 
beryllium,  scandium  and  tliorium,  it  is  found  that  these  have  many 
points  of  contact  with  periodic  law.  Although  Avdeeff  long  since 
proposed  the  magnesia  formula  to  represent  beryllium  oxide,  yet 
there  was  so  much  to  be  said  in  favour  of  the  alumina  formula, 
on  account  of  the  specific  heat  of  the  metals  and  the  isomorphism  of 
the  two  oxides,  that  it  became  generally  adopted  and  seemed  to  be 
well  established.  The  periodic  law,  however,  as  Brauner  repeatedly 
insisted  (Berichte,  1878,  872  ;  1881,  53)  was  against  the  formula  BcaOs ; 
it  required  the  magnesium  formula  BeO,  that  is,  an  atomic  weight  of  9, 
because  there  was  no  place  in  the  system  for  an  element  like  beryllium 
having  an  atomic  weight  of  13"5.  This  divergence  of  opinion  lasted  for 
years,  and  I  often  heai'd  that  the  question  as  to  the  atomic  weight  of 
beryllium  threatened  to  disturb  the  generality  of  the  periodic  law,  or, 
at  any  rate,  to  require  some  important  modifications  of  it.  Many 
forces  were  operating  in  the  controversy  regarding  beryllium,  evi- 
dently because  a  much  more  important  question  was  at  issue  than 
merely  that  involved  in  the  discussion  of  the  atomic  weight  of  a  rela- 
tively rare  element ;  and  during  the  controversy  the  periodic  law 
became  better  understood,  and  the  mutual  relations  of  the  elements 
became  more  apparent  than  ever  before.  It  is  most  remarkable  that 
the  victory  of  the  periodic  law  was  won  by  the  researches  of  the  very 
observers  who  previously  had  discovered  a  number  of  facts  in  support 
of  the  trivalency  of  beryllium.  Applying  the  higher  law  of  Avogadro, 
Nilson  and  Petterson  have  finally  shown  that  the  density  of  the  vapour 
of  the  beryllium  chloride,  BeClo,  obliges  us  to  regard  beryllium  as 
bivalent  in  conformity  with  the  periodic  law.*  I  consider  the  con- 
firmation  of   AvdeefE's    and    Brauner's    view   as    important    in    the 

*  Let  me  mention  another  proof  of  the  bivalencj  of  beryllium  which  may  have 
passed  unnoticed,  as  it  was  published  in  the  Russian  chemical  literature.  Having 
remarked  (in  1884)  that  the  density  of  such  solutions  of  chlorides  of  metals,  MC1„, 
as  contain  200  mols.  of  water  (or  a  large  and  constant  amount  of  water)  regularly 
increases  as  the  molecular  weight  of  the  dissolved  salt  increases,  I  proposed  to  one 
of  our  young  chemists,  M.  Burdakoff,  that  he  should  investigate  the  beryllium 
chloride.  If  its  molecule  be  BeCl2  its  weight  must  be  =  80  ;  and  in  such  a  case  it 
must  be  heavier  than  the  molecule  of  KCl  =  74  5,  and  lighter  than  that  of 
MgCl  =  93.  On  the  contrary,  if  beryllium  chloride  is  a  trichloride,  BCI3  =  120, 
its  molecule  must  be  heavier  than  that  of  CaCig  =  111,  and  lighter  than  that  of 
MnCl2  =  126.  Experiment  has  shown  the  correctness  of  the  former  formula, 
the  solution  Bed,  +  200H.O  having  (at  15°/4°)  a  density  of  1-0138,  this  being  a 
higher  density  than  that  of  the  solution  KCl  +  2OOH2O  (=  1-0121),  and  lower 
than  that  of  MgClj  +  2OOH.2O  (=  1-0203).  The  bivalency  of  beryllium  was  thus 
confirmed  in  the  case  both  of  the  dissolved  and  the  vaporised  chloride. 
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history  of  the  periodic  hiw  as  tho  discovery  of  scandium,  which,  in 
Nilson's  hands,  confirmed  the  existence  of  the  eka-boron. 

The  circumstance  that  thorium  proved,  to  be  quadrivalent,  and 
Th  =;  232,  in  accordance  with  the  views  of  Chydenius  and  the  re- 
quirements of  the  periodic  law,  passed  almost  unnoticed,  and  was 
accepted  without  opposition,  and  yet  both  thorium  and  uranium  are 
of  great  importance  in  the  periodic  system,  as  they  are  its  last 
members,  and  have  the  highest  atomic  weights  of  all  the  highest 
elements. 

The  alteration  of  the  atomic  weight  of  uranium  from  U  =  120  into 
U  =  240  attracted  more  attention,  tlie  change  having  been  made  on 
account  of  the  periodic  law,  and  for  no  other  reason.  Now  that 
Roscoe,  Rammelsberg,  Zimmermann,  and  several  others  have  admitted 
the  various  claims  of  the  periodic  law  in  the  case  of  uranium,  its  high 
atomic  weight  is  received  without  objection,  and  il  endows  that  element 
with  a  special  interest. 

While  thus  demonstrating  the  necessity  of  modifying  the  atomic 
weights  of  sevei-al  insufficiently  known  elements,  the  periodic  law 
enabled  us  also  to  detect  errors  in  the  determination  of  the  atomic 
weights  of  several  elements  whose  valencies  and  true  position  among 
other  elements  were  already  well  known.  Three  such  cases  are 
especially  noteworthy :  those  of  tellurium,  titanium  and  platinum. 
Berzelius  had  determined  the  atomic  weight  of  tellurium  to  be  128, 
while  the  periodic  law  claimed  for  it  an  atomic  weight  below  that  of 
iodine,  which  had  been  fixed  by  Stas  at  126"5,  and  which  was 
certainly  not  higher  than  127.  Brauner  then  undertook  the  investi- 
gation, and  he  has  shown  that  the  true  atomic  weight  of  tellurium  is 
l(jwer  than  that  of  iodine,  being  near  to  125.  For  titanium  the  exten- 
sive researches  of  Thorpe  have  confirmed  the  atomic  weight  of 
Ti  =48,  indicated  by  the  law,  and  already  foreseen  by  Rose,  but  con- 
tradicted by  the  analyses  of  Pierre  and  several  other  chemists.  An 
equally  brilliant  confirmation  of  the  expectations  based  on  the  peri- 
odic law  has  been  given  in  the  case  of  the  series  osmium,  iridium, 
platinum,  and  gold.  At  the  time  of  the  promulgation  of  the  periodic 
law  the  determinations  of  Berzelius,  Rose,  and  many  others  gave  the 
following  figures  : — 

Os  =  200  ;  Tr  =  197  ;   Pt  =  198  ;  Au  =  196. 

The  expectations  of  the  periodic  law*  have  been  confirmed,  first,  by 
new  determinations  of  the  atomic  weight  of  idatinum  (by  Seubert, 
Dittmar  and  M'Arthur),  which  proved  to  be  near  to  196  (taking 
O  ^  16,  as  proposed  by  Marignac,  Brauner,  and  others)  ;  secondly, 

*  I  pointed  them  out  in  the  Liebig's   Annalen,  Supplement  Band  viii,   1871, 
p.  211. 
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by  Seubert  havinq-  proved  that  the  atomic  weipfht  of  osmium  is  really 
lower  than  that  of  platinum,  and  tliat  it  is  near  to  191 ;  and  thirdly, 
by  the  investigations  of  Kriiss,  and  Thorpe  and  Laurie  proving  that  the 
atomic  weight  of  gold  exceeds  that  of  platinum,  and  approximates  to 
197.  The  atomic  weights  which  were  thus  found  to  require  correc- 
tion were  precisely  those  which  the  periodic  law  had  indicated  as 
affected  with  errors ;  and  it  has  been  proved  therefore  that  the  peri- 
odic law  affords  a  means  of  testing  experimental  results.  If  we  succeed 
in  discovering  the  exact  character  of  the  periodical  relationships 
between  the  increments  in  atomic  weights  of  allied  elements  discussed 
by  Ridberg  in  1885,  and  again  by  Bazaroff  in  1887,  we  may  expect 
that  our  instrument  will  give  ns  the  means  of  still  more  closely  con- 
trolling the  experimental  data  relating  to  atomic  weights. 

Let  me  next  call  to  mind  that,  while  disclosing  the  variation  of 
chemical  properties,*  the  periodic  law  has  also  enabled  us  to  systemati- 
cally discuss  many  of  the  physical  properties  of  elementary  bodies, 
and  to  show  that  these  properties  are  also  subject  to  the  law  of 
periodicity.  At  the  Moscow  Congress  of  Russian  Naturalists  in 
August,  1869,  I  dwelt  upon  the  relations  which  existed  between 
density  and  the  atomic  weight  of  the  elements.  The  following  year 
Professor  Lothar  Meyer,  in  his  well-known  pa,per,t  studied  the  same 
subject  in  more  detail,  and  thus  contributed  to  spread  information 
about  the  periodic  law.  Later  on,  Carnelley,  Laurie,  L.  Meyer, 
Roberts-Austen,  and  several  others  applied  the  periodic  system  to 
represent  the  order  in  the  changes  of  the  magnetic  properties  of 
the  elements,  their  melting  points,  the  heats  of  formation  of  their 
haloid  compounds,  and  even  of  such  mechanical  properties  as  the 
coefficient  of  elasticity,  the  breaking  stress,  &c.,  &c.  These  de- 
ductions, which  have  received  further  support  in  the  discovery  of 
new  elements  endowed  not  only  with  chemical  but  even  with  physical 
properties  which  were  foreseen  by  the  law  of  periodicity,  are  well 
known ;  so  I  need  not  dwell  upon  the  subject,  and  may  pass  to  the 
consideration  of  oxides. | 

*  Thus,  in  the  typical  small  period  of 

Li,  Be,  B,  C,  N,  O,  F, 

we  see  at  once  the  progression  from  the  alkaline  metals  to  the  acid  non-metals,  such 
as  are  the  halogens. 

t  Liebiff's  Annalen,  Erz.  Bd.  vii,  1870. 

t  A  distinct  periodicity  can  also  be  discovered  in  the  spectra  of  the  elements. 
Thus  the  researches  of  Hartley,  Ciamician,  and  others  have  disclosed,  fii'st,  the 
homology  of  the  spectra  of  analogous  elements  ;  secondly,  that  the  alkaline  metale 
have  simpler  spectra  than  the  metals  of  the  following  groups  ;  and  thirdly,  that 
there  is  a  certain  likeness  between  the  complicated  spectra  of  manganese  and  iron 
on  the  one  hand,  and  the  no  less  complicated  spectra  of  chlorine  and  bromine  on 
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In  indicating  that  the  gradual  increase  of  the  power  of  elements 
of  combining  with  oxygen  is  accompanied  by  a  corresponding  de- 
crease in  their  power  of  combining  with  hydrogen,  the  periodic 
law  has  shown  that  there  is  a  limit  of  oxidation,  just  as  there  is  a 
well-known  limit  to  the  capacity  of  elements  for  comlnning  with 
hydrogen.  A  single  atom  of  an  element  combines  with  at  most  four 
atoms  of  either  hydrogen  or  oxygen  :  and  while  CH,  and  SiHi  repre- 
sent the  highest  hydrides,  so  RUO4  and  OSO4  are  the  highest  oxides. 
We  are  thus  led  to  recognise  types  of  oxides,  just  as  we  have 
had  to  recognise  types  of  hydrides.* 

The  periodic  law  has  demonstrated  that  the  maximum  extent  to 
which  different  non-metals  enter  into  combination  with  oxygen  is 
determined  by  the  extent  to  which  they  combine  with  hydrogen,  and 
that  the  sum  of  the  number  of  equivalents  of  both  must  be  equal 
to  8.  Thus  chlorine,  which  combines  with  1  atom,  or  1  equiva- 
lent of  hydrogen,  cannot  fix  more  than  7  equivalents  of  oxygen, 
giving  CljOi :  while  sulphur,  which  fixes  2  equivalents  of  hydro- 
gen, cannot  combine  with  more  than  6  equivalents  or  8  atoms 
of  oxygen.  It  thus  becomes  evident  that  we  cannot  recognise  as  a 
fundamental  property  of  the  elements  the  atomic  valencies  deduced 
from  their  hydrides ;  and  that  we  must  modify,  to  a  certain  extent, 
the  theory  of  atomicity  if  we  desire  to  raise  it  to  the  dignity  of  a 
general  principle  capable  of  affording  an  insight  into  the  constitution 
of  all  compound  molecules.  In  other  words,  it  is  only  to  carbon, 
which  is  quadrivalent  with  regard  both  to  oxygen  and  hydrogen,  that 
we  can  apply  the  theory  of  constant  valency  and  of  bond,  by  means  of 
which  so  many  still  endeavour  to  explain  the  structure  of  compound 
molecules.  But  I  should  go  too  far  if  I  ventured  to  explain  in  detail 
the  conclusions  which  can  be  drawn  from  the  above  considerations. 
Still,  I  think  it  necessary  to  dwell  upon  one  particular  fact  which 
must  be  explained  from  the  point  of  view  of  the  periodic  law  in 
order  to  clear  the  way  to  its  extension  in  that  particular  direction. 

the  other  hand,  and  their  likeness  corresponds  to  the  degree  of  aiialogy  between 
those  elements  which  is  indicated  by  the  periodic  law. 

*  Formerly  it  was  supposed  that,  being  a  bivalent  element,  oxygen  can  enter  into 
any  grouping  of  the  atoms,  and  there  was  no  limit  foreseen  as  to  extent  to  wliich  it 
could  further  enter  into  combination.  We  could  not  explain  why  bivalent  sulphur, 
which  forms  compounds  such  as 

S<o>     ^°d     S<g>0, 
could  not  also  form  oxides  such  as — 

s<o-o>   ""'   S<Q_Q>0. 
while  other  elements,  as,  for  instance,  chlorine,  form  compounds  such  as — 
CI— 0—0— 0—0-  K. 
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The  higher  oxideB  yielding  salts  the  formation  of  which  was  fore- 
seen by  the  periodic  system — for  instance,  in  the  short  series  beginning 
with  sodium — 

Na,0,  MgO,  Al,03,  SiO^,  P2O5,  SO3,  Cl^O^, 

must  be  clearly  distinguished  from  the  higher  degi-ees  of  oxidation 
which  correspond  to  hydrogen  peroxide  and  bear  the  true  character 
of  peroxides.  Peroxides  such  as  Na^Oj,  BaO^,  and  the  like  have  long 
been  known.  Similar  peroxides  have  also  recently  become  known  in 
the  case  of  chromium,  sulphur,  titanium,  and  many  other  elements, 
and  I  have  sometimes  heard  it  said  that  discoveries  of  this  kind 
weaken  the  conclusions  of  the  periodic  law  in  so  far  as  it  concerns 
the  oxides.  I  do  not  think  so  in  the  least,  and  I  may  remark,  in  the 
first  place,  that  all  these  peroxides  are  endowed  with  certain  pro- 
perties— obviously  common  to  all  of  them,  which  distinguish  them 
from  the  actual,  higher,  salt-forming  oxides,  especially  their  easy 
decomposition  by  means  of  simple  contact  agencies ;  their  incapacity 
of  forming  salts  of  the  common  type;  and  their  capacity  of  com- 
bining with  other  peroxides  (like  the  faculty  which  hydrogen  per- 
oxide possesses  of  combining  with  barium  peroxide,  discovered  by 
Schoene).  Again,  we  remark  that  some  groups  are  especially  cha- 
racterised by  their  capacity  of  generating  peroxides.  Such  is,  for 
instance,  the  case  in  the  Vlth  group,  where  we  find  the  well-known 
peroxides  of  sulphur,  chromium,  and  uranium;  so  that  further  in- 
vestigation of  peroxides  will  probably  establish  a  new  periodic  func- 
tion, foreshadowing  that  molybdenum  and  wolfram  will  assume 
peroxide  forms  with  comparative  readiness.  To  appreciate  the 
constitution  of  such  peroxides,  it  is  enough  to  notice  that  the 
peroxide  form  of  sulphur  (so-called  persulphuric  acid)  stands  in  the 
same  relation  to  sulphuric  acid  as  hydrogen  peroxide  stands  to 
water  : — 

H(OH),  or  H2O,  responds  to  (OH) (OH),  or  H^O^, 

and  so  also — 

H(HS04),  or  H2SO4  responds  to  (HS04)(HS04),  or  H^SjOs. 

Similar  relations  are  seen  everywhere,  and  they  correspond  to  the 
principle  of  substitutions  which  I  long  since  endeavoured  to  represent 
as  one  of  the  chemical  generalisations  called  into  life  by  the  periodic 
law.  So  also  sulphuric  acid,  if  considered  with  reference  to  hydroxyl, 
and  represented  as  follows — 

H0(S0,0H), 

has  its  corresponding  compound  in  dithionic  acid — 

(S020H)(S0»0H),  or  H.SA- 
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Therefore,  also,  phosphoric  acid,  H0(P0Ho02),  has,  in  the  same 
sense,  its  corresponding  componnd  in  the  subphosphoric  acid  of 
Saltzer : — 

(POH-AXPOHjO,),  or  H.PA ; 

and  we  must  suppose  that  the  peroxide  compound  corresponding  to 
phosphoric  acid,  if  it  be  discovered,  will  have  the  following  struc- 
ture : — 

(H0PO4),  or  H4P2O8  =  21U0  +  2PO3.* 

As  far  as  is  known  at  present,  the  highest  form  of  peroxides  is  met 
with  iu  the  peroxide  of  uranium,  UOi,  prepai'cd  by  Fairley  ;t  while 
OsO^  is  the  highest  oxide  giving  salts.  The  line  of  argument  which 
is  inspired  by  the  periodic  law,  so  far  from  being  weakened  by  the 
discovery  of  peroxides,  is  thus  actually  strengthened,  and  we  must 
hope  that  a  further  exploration  of  the  region  under  consideration 
will  confirm  the  applicability  to  chemistry  generally  of  tlie  principles 
deduced  from  the  periodic  law. 

Permit  me  now  to  conclude  my  rapid  sketch  of  the  oxygen  com- 
pounds by  the  observation  that  the  periodic  law  is  especially  brought 
into  evidence  iu  the  case  of  the  oxides  which  constitute  the  immense 
majority  of  bodies  at  our  disposal  on  the  surface  of  the  earth. 

The  oxides  are  evidently  subject  to  the  law,  both  as  regards  their 
chemical  aud  their  physical  properties,  especially  if  we  take  into 
account  the  cases  of  polymerism  which  are  so  obvious  when  compar- 
ing COj  with  Si„02n.  In  order  to  prove  this  I  give  the  densities  s 
and  the  specific  volumes  v  of  the  higher  oxides  of  two  short  periods. 
To  render  comparison  easier,  the  oxides  are  all  represented  as  of  the 
form  R20n.  In  the  column  headed  A  the  differences  are  given 
between  the  volume  of  the  oxygen  compound  and  that  of  the  parent 
element,  divided  by  n,  that  is,  by  the  number  of  atoms  of  oxygen  in 
the  compound  : — J 

*  In  this  sense,  oxalic  acid,  (COOH)o,  also  corresponds  to  carbonic  acid, 
OH(COOH),  in  the  same  way  that  dithionic  acid  corresponds  to  sulphuric  acid, 
and  subphosphoric  acid  to  phosphoric  ;  therefore,  if  a  peroxide,  corresponding  to 
carbonic  acid,  be  obtained,  it  will  have  the  structure  of  (HCOs)^,  or  HjC^Os  =  HnO 

+  C2O5.     So  also  lead  must  have  a  real  peroxide,  PbaOj. 

t  The  compounds  of  uranium  prepared  by  Fairley  seem  to  me  especially  instruc- 
tive in  understanding  the  peroxides.  By  the  action  of  hydrogen  peroxide  on 
uranium  oxide,  UO3,  a  peroxide  of  uranium,  UO^iHjO,  is  obtained  (U  =  240)  if 
the  solution  be  acid ;  but  if  hydrogen  peroxide  act  on  uranium  oxide  in  the  pre- 
sence of  caustic  soda,  a  crystalline  deposit  is  obtained,  which  has  the  composition 
Na4U084HiO,  and  evidently  is  a  combination  of  sodium  peroxide,  NooO^,  witli 
uranium  peroxide,  UO4.  Ir  is  possible  that  the  former  peroxide,  UO44H0O,  con- 
tains the  elements  of  hydrogen  peroxide  and  uranium  peroxide,  UjOy,  or  even 
tJ(OH)6H.,02,  like  the  peroxide  of  tin  recently  discovered  by  Spring,  which  has 
the  constitution  SnoOjHoOo. 

*  A  thiis  represents  the  average  increase  of  volume  for  each  atom  of  oxygen  con- 
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1  have  nothing  to  add  to  these  figures,  except  that  like  relations 
appear  in  other  periods  as  well.  The  above  relations  were  precisely 
tliose  which  made  it  possible  for  me  to  be  certain  that  the  relative 
density  of  eka-silicon  oxide  would  be  about  4"7  ;  germanium  oxide, 
actually  obtained  by  Winckler,  proved,  in  fact,  to  have  the  relative 
density  4' 703. 

The  foregoing  account  is  far  from  being  an  exhaustive  one  of  all 
that  has  already  been  discovered  by  means  of  the  periodic  law  tele- 
scope in  the  boundless  realms  of  chemical  evolution.  Still  less  is  it 
an  exhaustive  account  of  all  that  may  yet  be  seen,  but  I  trust  that 
the  little  which  I  have  said  will  account  for  the  philosophical  interest 
attached  in  chemistry  to  this  law.  Although  but  a  recent  scientific 
generalisation,  it  has  already  stood  the  test  of  laboratory  verification 
and  appears  as  an  instrument  of  thought  which  has  not  yet  been 
compelled  to  undergo  modification  ;  but  it  needs  not  only  new  applica- 
tions, but  also  improvements,  further  development,  and  plenty  of  fresh 
energy.  All  this  will  surely  come,  seeing  that  such  an  assembly  of 
men  of  science  as  the  Chemical  Society  of  Great  Britain  has  ex- 
pressed the  desire  to  have  the  history  of  the  periodic  law  described  in 
a  lecture  dedicated  to  the  glorious  name  of  Faraday. 


LXIV. — The  Dissociation  of  Amine  Vapours. 

By  G.  J.  Burgh,  B.A.  and  J.  E,  Marsh,  B.A.,  University  Laboratory, 

Oxford. 


The  theory  of  Van  t'  Hoif  that  there  is  a  definite  relationship  to  space 
of  the  four  bonds  or  affinities  of  the  carbon-atom  has  received  such 
i-emarkable  confirmation  from  facts,  that  chemists  have  very  natu- 
i-aily  attempted  to  extend  the  conception  to  other  elements,  especially 

tained  in  the  higher  salt-forming  oxide.  The  acid  oxides  give,  a»  a  rule,  a  higher 
value  of  A,  while  in  tlie  case  of  tlie  strongly  alkaline  oxides  its  value  is  usuallv 
nejialive. 
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tliose  which  enter  into  the  composition  of  the  so-called  organic  sub- 
stances. 

In  making  this  extension,  we  are  hound  to  keep  in  mind  the 
principles  of  the  original  conception,  namely,  that  the  fonr  yalencies 
of  the  carbon-atom  are  directed  to  the  four  angles  of  a  tetrahedron  of 
which  the  atom  occupies  the  centre.  In  this  hypothesis,  as  we 
understand  it,  the  equality  of  the  valencies,  inter  se,  is  represented  by 
the  symmetry  of  direction  and  the  equal  length  of  the  vectors  from  the 
centre  to  the  four  angles.  The  consistent  development  of  such  an 
hypothesis  appears  to  us  to  lead  to  dilTiculties  of  two  kinds,  the  first 
arising  out  of  the  geometrical  conceptions  involved  in  it,  aiid  the 
second  being  met  with  in  the  attempt  to  extend  it  to  other  elements. 
It  ascribes  a  perfectly  distinct  existence  to  these  four  bonds,  so  that 
in  all  carbon  compounds  we  have  to  deal  with  neither  more  nor  less 
than  that  number,  unless  we  make  the  additional  assumption  that  in 
certain  cases  the  carbon-atom  may  lose  its  tetrahedric  character. 

And  farther,  if  the  tetrahedric  relation  of  the  valencies  is  unvary- 
ing, it  is  difficult  to  conceive  in  what  way  the  atom  can  be  united  by 
more  than  three  of  its  bonds  to  one  atom  of  any  other  element. 

We  meet  then  with  the  difficulty  of  having  to  explain  the  existence 
of  such  compounds  as  carbonic  oxide,  in  which  carbon  appears  to  be 
no  longer  quadrivalent,  or  of  certain  cyanogen  compounds,  as  for 
example  the  isocyanides  in  which  the  carbon-atom  is  either  com- 
bined by  more  than  three  bonds  to  a  single  nitrogen-atom  oi- 
is  bivalent,  K,''N=C  or  R'*N^C ;  so  that  in  attempting  to  re- 
move the  one  objection,  we  ai-e  brought  face  to  face  with  the 
other,  namely,  that  ex  InjpoHiesi  we  conceive  the  valency  of  each 
element  to  be  constant.  Such  instances  are  rare  in  comparison 
with  the  number  of  bodies  which  fall  in  with  the  hypothesis  of  Van  t' 
Hoff,  but  they  are  well  known  and  well  defined.  We  do  not,  how- 
ever, dwell  further  on  this  subject,  hoping  to  attack  it  experimentally 
later,  merely  stating  here  that  results  we  have  obtained  with  the 
nitrogen-atom  bear  also  on  this  matter. 

Willgerodt  has  brought  forward  the  view  that  the  nitrogen-atom 
may  be  regarded  as  having  a  configuration  represented  by  a  double 
tetrahedron.     We  have  given  some  attention  to  the  question  of  the 
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conBgnration  of  the  atoms  possible  in  the  case  of  several  elements 
and  among  them  more  particularly  of  nitrogen,  and  we  have  come 
independently  to  the  same  conclusion  and  have  endeavoured  to  put 
the  hypothesis  to  the  test  of  exj)eriraent. 

Starting  from  the  consideration  that  a  nitrogen-atom  combined 
with  four  or  five  different  groups  should  give  a  compound  capable  of 
isomerism,  and  that  among  these  isomers  there  are  two  possible,  the 
form  of  one  of  which  is  the  non-superposable  image  of  the  other,  we 
have  attempted  to  obtain  such  a  body  containing  what  is  in  fact  an 
"  asymmetric  nitrogen,"  and  capable,  one  would  suppose,  of  rotating 
the  plane  of  polarisation  to  the  right  or  to  the  left.  The  separation 
of  these  isomers,  if  they  exist,  we  have  not  yet  succeeded  in 
effecting. 

Attacking  the  problem  from  another  point  of  view  we  find  that  a 
space  configuration  such  as  that  given  above  requires  that  we  consider 
nitrogen  as  essentially  a  quinquivalent  or  pentad  atom.  We  have 
then  to  reconcile  with  this  view  the  fact  that  nitrogen  in  a  large 
number  of  cases  appears  to  be  triad. 

We  have  endeavoured  to  find  an  explanation  in  the  supposition  that 
one  atom  of  nitrogen  in  its  apparently  triad  condition  may  combine 
by  its  two  available  affinities  with  another  similar  atom  to  form  a 
condensed  molecule,  and  that  such  molecules  are  readily  dissociated  by 
heat  into  the  ordinary  molecules  containing  quasi-triad  nitrogen. 

To  test  the  hypothesis,  we  measured  the  expansion  of  a  known 
quantity  of  amine  vapours  when  the  temperature  was  raised  from 
that  of  the  laboratory  to  100°,  the  pressure  remaining  constant. 

The  apparatus  used  consisted  of  a  horizontal  tube,  AB,  about 
700  mm.  long  and  25  mm.  in  the  bore,  to  which  was  attached  the 
"]~-piece  C  of  the  shape  shown  in  the  figure.  To  A  and  C  were 
fitted  rubber  tubes  with  mercury  bulbs,  F  and  G,  which  could  be 
raised  or  lowered  as  required.  To  the  end  D  was  attached  the  dis- 
tillation bulb  E  containing  the  substance  to  be  ex])erimented  upon 
in  the  liquid  state;  and  this  again  was  connected  with  a  Sprengel 
pump.  The  tube  AB  was  enclosed  in  a  glass  jacket  provided  with 
two  thermometers,  T,  and  tubes,  S,  for  the  supply  and  exit  of  steam. 

The  apparatus  having  been  yjartially  exhausted,  the  mercury  was 
caused  to  fill  the  tube  AB  completely  by  raising  the  reservoirs  F  and 
G.  The  clamp  on  F  having  been  tightened,  G  was  lowered  and 
raised  repeatedly,  so  as  to  ensure  the  expulsion  of  the  air  from  the 
connections  and  the  replacement  of  it  by  the  amine  vapours. 

Then  G  having  been  lowered  till  the  mercury  stood  just  below  the 
bend  of  the  "Y-jyiece,  F  was  lowered  so  as  to  draw  over  some  of  the 
vapour  into  the  tube  AB.  Then  F  was  clamped,  and  the  Sprengel 
pump    worked    till    the    mercury   from     G     rose    up    the    branch    D. 
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When  this  was  done,  the  clamp  at  D  was  screwed  tight,  and  F 
lowered  until  the  raercnry  from  C  reached  a  convenient  fixed  point, 
B,  in  the  horizontal  tube  within  the  steam  jacket. 


Thus  any  possible  condensation  of  the  saturated  vapour  was 
avoided,  the  pressure  on  the  enclosed  gases  being  less  than  wheii 
they  were  drawn  in.  To  make  sure  of  this,  however,  the  length  Vn 
of  the  column  of  gas  was  finally  increased  by  about  50  per  cent,  by 
simultaneously  lowering  F  and  G.  It  may  be  noted  here  that  con- 
densation was  at  once  evident  on  increasing  the  pressure  after  the 
gas  was  enclosed.  Lastly,  the  clamp  on  F  was  tightened,  and  the 
volume  of  the  gas  taken  by  measuring  the  length  V,  of  the  column 
enclosed  in  the  horizontal  tube,  the  thermometers  being  read  at  the 
same  time. 

Next,  steam  was  passed  into  the  jacket.  During  the  heating,  the 
mercury  bulb  F  was  lowered,  and  the  c^amp  slackened  to  permit  the 
prases  to  expand  ;  when  the  temperature  was  again  steady,  the  pres- 
sure was  finally  adjusted  so  as  to  bring  the  column  at  B  to  exactly 
the  same  mark  as  before,  all  the  adju.stments  being  performed  with 
F,  so  that  neither  the  bulb  C,  nor  the  clamp  upon  its  tube,  was 
touched  during  the  whole  experiment.  After  measuring  the  volume 
Vj  at  this  higher  temperature,  as  a  further  check  upon  the  results  the 
pressure  in  G  was  again  lowered  in  some  experiments,  and  the 
mercury  brought  back  by  means  of  F  to  its  original  position  at  B, 
and  the  increased  volume  V3  once  more  taken. 

Lastly,  the  steam  was  turned  ofi",  the  apparatus  allowed  to  cool, 
and  a  final  measurement  of  the  volume  V4  at  the  temperature  of  the 
laboratory  was  made. 
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It  will  be  observed  that  the  horizontal  direction  of  the  column  of 
mercury  at  its  upper  extremity,  and  the  fixed  position  of  the  bulb  G, 
enabled  us  to  secure  with  great  accuracy  the  same  pressure  for  each 
pair  of  measurements.  The  smallness  of  the  volume  operated  upon 
is,  however,  an  objection  which  will  be  remedied  in  our  next 
apparatus. 

Several  blank  experiments  were  first  made  with  air  to  test  the 
accuracy  of  the  method,  and  the  average  error  was  found  not  to  exceed 
0'5  per  cent,  in  the  expansion  between  17°  and  100°. 

Then  we  introduced  various  amines  into  the  bulb  E,  and  now 
obtained  on  heating  an  expansion  of  5  or  6  per  cent,  above  the  normal. 

Next,  we  substituted  ether  vapour  for  the  amines  when  the 
abnormal  expansion  to  a  great  extent  disappeared — though  not  com- 
pletely. This  we  ascribed  to  the  difficulty  of  freeing  the  apparatus 
of  the  amines,  the  scent  of  which  hung  about  the  rubber  connections 
in  spite  of  repeated  exhaustions.  Filially,  we  operated  on  a  solution 
of  pure  monethylamine  in  ether  dried  over  potash,  when  the 
abnormal  expansion  re-appeared. 

The  equivalence  of  VqPo  to  ViPi  at  the  temperature  of  the 
laboratory,  and  of  Y2P2  to  V3P3  at  100°  proved  that  at  each  of 
these  temperatures  the  vapour  of  the  amines  obeys  Boyle's  law ; 
while  the  equivalence  of  ViPi  to  V4P4  showed  that  the  heating  caused 
no  permanent  increase  of  volume.  But  a  comparison  of  V,,  Pj,  ^i 
and  V2,  P2,  U  showed  that  there  was  an  increased  expansion  of  the 
amine  vapours  which  was  not  observed  in  the  case  of  air  or  ether. 

The  following  are  some  of  the  results  : — ■ 

No.  1. — Test  Experiment  with  Air. 

Pressure  =  264  mm. 

Volume  at  135° V,  =  199  0 

Volume  at  100°    Vj  =  2577  observed. 

25908  calculated. 

Here  the  error  is  about  \  per  cent. 

No.  2. — Mixture  of  Mono-,  Di-  and  Tri-ethylamine  in  Aqueous  Solution. 

Pressure  =148  mm. 

Volume  at  15° V,  =  1590 

Volume  at  100°    V2  =  2340  observed. 

2059  calculated. 

This  experiment  gave  an  abnormal  expansion  of  about  12  per 
cent. 
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No.  3. —  The  same  as  in  No.  2. 

Pressure  =:  388  mm. 

Volume  at  15" V,  =  1480 

Volume  at  100° V^  =  207-25  observed. 

191-68  calculated. 

Pressure  lowered  to  263  mm. 
Volume  at  100°    V3  =  300 

V2P2 :  V3P3  =  78898  :  78900. 

The  abnormal  increase  was  about  7|  per  cent.,  but  the  pressure 
was  not  so  low. 

No.  4. — The  same  Mixture  0/  Amines  dried  over  Potash. 

Pressure  =  1735  mm. 

Volume  at  13-5° V,  =  121-0 

Volume  at  100°    V^  =  167-0  observed. 

157-5  calculated. 

On  cooling,  volume  at  17  =:  122,  i.e.,  =:  12053  at  the  original 
temperature.  Abnormal  expansion  of  6  per  cent.,  with  return  to  the 
original  volume  within  the  instrumental  error. 

No.  5. — The  same  as  No.  4. 

Pressure  not  noted,  but  about  250  mm. 

Volume  at  165° V,  =  1830 

Volume  at  100° V,  =  250-0  observed. 

235-8  calculated. 
Abnormal  expansion  of  6  per  cent. 

No.  7. — Monethylamine  in  Aqueous  Solution. 
Pressure  3985  mm. 

Volume  at  17°    Vj  =  200 

Volume  at  100° V^  =  272  observed. 

257  calculated. 

Abnormal  expansion  of  nearly  6  per  cent. 

No.  8. — Test  Experiment  with  Ether  Vapour. 
Pressure  =  389  mm. 

Volume  at  17° V,  =  1950 

Volume  at  100" V^  =  2535  observed. 

2504  calculated. 
Error  about  1-2  per  cent. ;  but  the  mercury  smelt  of  ethylamine. 
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No.  9. — Test  Experiment  loith  Ether  after  Gontinuous  Exhaustion  and 
Heating  of  the  Tube. 

Pressure  697  mm. 

Volume  at  150,  Vo  =  135        YoPo  =  94095 

Pressure  452  mm. 
Volume  at  15-5,  Vi  =  209        V^P^  =  94120 

Pressure  452  mm. 
Volume  at  lOO'S,  V^  =  278        V^Pj  =  125755 

Pressure  363  mm. 

Volume  at  100-5,  V3  =  347         V3P3  =  125961 

Observed  volume  at  100-5  =  278 
Calculated  ,,  =  271 

The  error  v/as  larger  than  in  the  previous  case ;  but  after  the 
experiment,  on  cooling  down  to  ]  7°,  the  observed  volume  was  within 
1  per  cent,  of  the  calculated,  and  the  mercury  still  smelt  strongly 
of    the  amine. 

No.  10. — Monethylamine  Dissolved  in  Ether,  dried  over  Potash. 

Pressure  =  379'5  mm. 

Volume  at  17° Vi  =  200-0 

Volume  at  100"    V.^  =  207-0  observed. 

257-2  calculated. 

Pressure  291-5  mm. 

Volume  at  100°    V3  =  349-5 

Volume  at  18° V4  =  2635 

Relation  of  final  volume  at  18"  to  original  volume  at  17°  reduced 
to  same  temperature  and  pressure  =  1  :  1013583. 

The  relations  VoPo  :  ViP,  at  15°  and  V^P^  :  V3P3  at  100°  also  varied 
only  by  about  1  per  cent. 

The  abnormal  expansion  was  in  this  case  nearly  4  per  cent,  between 
17°  and  100°. 

The  above  experiments  seem  to  show  that  to  some  extent,  at  least, 
the  vapour  of  ethylamine  breaks  up  when  heated  from  17°  to  100° 
into  a  larger  number  of  molecules.  Similar  abnormal  expansion  has 
been  observed  in  bodies  which  must  be  regarded  as  completely  satu- 
rated in  the  single  molecule — but  in  all  these  cases  polymerisation  is 


II 


OF    AMINE   VAPOURS.  663 

structurally  possible,  and  wo  think  that  in  the  nitrop^en  compounds  ifc 
is  necessary,  if  we  are  to  extend  Van  t'  HolT's  liyj)()theais  to  them. 

Wurtz,  who  investigated  methylamine  and  ethylaraine  (/Imj?.  Chi'tn. 
Thijs.  [3],  30,  467)  was  unable  by  ordinary  means  to  determine  their 
vapour-density. 

Izarn,  to  whom  he  referred  the  matter,  employintj^  a  new  method, 
measured  the  vapour-density  of  the  two  amines  at  different 
temperatures  and  pressures,  and  found  in  eveiy  case  a  greater  value 
than  that  required  by  theor}'.  Thus,  at  35"84)°  and  1128  mm., 
the  density  of  ethylamine  was  1'6027  observed,  as  against  1"5568 
calculated.  Izarn,  however,  did  not  expei'iment  at  temperatures 
lower  than  27°,  or  higher  than  5G°.  Our  own  observations  made 
at  pressures  of  from  ^th  to  ^rd  of  that  employed  by  him  in  the 
experiment  quoted,  by  showing  an  abnormal  expansion  to  take  place 
on  raising  the  temperature  from  17°  to  100°,  seem  to  indicate  that 
the  specific  volume  of  the  vapour  is  a  function  not  so  much  of  the 
pressure  as  of  the  temperature,  and  it  is  on  this  that  the  hypothesis 
which  we  now  put  forward  is  founded. 

The  equality  of  the  four  valencies  of  carbon,  which  has  been 
sufficiently  established  by  experiment,  is  well  represented  by  the 
symmetry  of  the  tetrahedron,  and  we  must  suppose  that  a  rise  of 
temperature  affects  them  all  equally.  Carbon,  therefore,  unless  in 
combination  with  an  element  which  is  not  symmetrical  in  its  space 
relations,  must  be  tetrad  at  all  temperatures.  This  property  it  can 
only  have  in  common  with  those  elements  which  can  be  represented 
by  the  five  regular  solids,  the  valencies  of  which  ex  hypothesi  must  be 
4,  6,  8,  12,  and  20,  corresponding  to  the  number  of  the  solid  ano-les 
of  those  bodies.  It  is  impossible,  therefore,  to  find  a  geometrical 
representation  for  diad,  triad,  and  pentad  atoms  which  shall  be 
symmetrical  in  three-dimensional  space,  and  it  becomes  almost  a 
necessary  consequence  of  Van  t'  Hoff's  hypothesis  when  we  attempt 
to  extend  it  to  the  nitrogen-group,  that  we  should  ha\'e  two  of  the 
valencies  different  in  value  from  the  other  three.  Moreover,  this 
difference  would  be  manifested  above  a  certain  critical  temperature, 
but  would  probably  disappear  below  it,  and,  further,  the  union  of  an 
element  of  strong  affinity  with  one  of  the  valencies  might  render  the 
other  four  equal  with  respect  to  atoms  of  weaker  affinity. 

With  regard  to  the  latter  supposition,  representing  the  pentad 
atom  by  a  double  tetrahedron,  if  we  suppose  one  angle  taken  up,  for 
instance,  by  chlorine,  the  remaining  four  are  symmetrically  situated 
with  respect  to  one  point  within  the  atom,  and  may  be  saturated  by 
four  equal  atoms  or  groups  as  in  the  ammonium,  phosphonium,  and 
arsonium  salts. 

The   effect  of  certain  elements   in   weakening  the  bonds  of  other 
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elements  is  a  matter  of  ordinary  observation  (see  Van  t'  Hoff,  "  La 
Cliimie  dans  I'espace  ").  Compare,  for  example,  the  relative  strength 
of  the  affinity  between  two  carbon-atoms  when  combined  with 
hydrogen,  oxygen,  or  nitrogen,  e.g.,  CH3 — CH3 ;  CH3 — COOH  ; 
COOH— COOH ;  CH3— CN  ;  CN— CN. 

Again,  the  action  of  heat  in  weakening  chemical  affinity  is  also  a 
matter  of  common  experience.  Thus,  mercury,  cadmium,  and  zinc  in 
the  gaseous  state  have  no  affinity  in  respect  to  atoms  of  the  same 
kind,  whilst  iodine  vapour  exhibits  the  same  phenomenon  at  high 
temperatures. 

Now,  as  regards  the  nitrogen-atom,  it  appears  that  in  contrast  to 
carbon  it  is  the  hydrogen  and  hydrocarbon  groups  v^hich  weaken, 
the  affinity  between  nitrogen-atoms.  Thus,  we  have  NO2 — NO2,  but 
not  NH4 — NH4,  nor  NHaZZNHa,  at  ordinary  temperatures. 

Hence,  in  the  case  of  the  amines,  the  bonds  uniting  the  nitrogen- 
atoms  in  the  double  molecule  will  probably  be  extremely  weak,  and 
likely  to  be  destroyed  even  at  a  comparatively  low  temperature.  It 
is  interesting  iii  this  connection  to  recall  the  fact  that  Hofmann 
(Ber.,  3,  112)  found  that  it  was  practically  impossible  to  separate  the 
three  ethyl  bases  (mono-,  di-,  and  tri-ethylaraine)  by  distillation,  in 
spite  of  there  being  an  interval  of  some  40°  between  the  boiling 
points  of  ethylamine  and  diethylamine,  as  well  as  between  those  of 
diethylamine  and  triethylamine.  Now,  it  is  conceivable  that  in  such 
a  mixture  a  molecule  of  one  amine  may  unite  with  a  molecule  of  a 
different  amine  to  form  a  compound  more  stable  than  if  both 
molecules  were  precisely  similar,  and  capable  accordingly  of  being 
volatilised  to  a  certain  extent  without  being  dissociated. 

In  conclusion,  we  would  say  that,  in  our  opinion,  the  nitrogen-atom 
is  essentially  pentad,  and  that  when  we  find  it  triad  we  have  to  deal 
with  molecules  which  have  been  dissociated,  and  in  which  the  two 
available  bonds  of  the  nitrogen-atom  are  too  feeble  at  the  tempei-ature 
of  observation  to  enable  two  molecules  to  hold  together. 

We  hope  to  continue  our  experiments  as  to  the  valency  and  space 
configuration  of  the  nitrogen-atom  and  other  atoms. 
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LXV. — The  licsin  of  Myoporum  Tlatycarputn. 

By  J.  H.  Maidex,  F.L.S.,  Curator  of  the  Technological  Museum, 

Sydney. 

A  VERITAT5LE  natural  sealing-wax  is  yielded  by  a  small  tree  which  is 
found  in  the  interior  of  Australia;  it  occurs  in  the  more  arid  portions 
of  all  the  colonies,  except  Queensland.  The  tree  in  Mijoponim  pJaiy- 
ccnpnm,  R.  Br.,  and  it  possesses  a  vai'iety  of  local  names,  such  as 
"  Sandalwood,"  "  Dogwood,"  and  "  Sugar  tree  ;"  the  latter  because 
a  manna  exudes  from  it  which  is  greedily  sought  after  by  the  blacks, 
and  is  likewise  much  appreciated  by  colonists.  It  yields  a  resin, 
which  is  used  by  the  aboriginals  as  a  substitute  for  pitch  and  wax ; 
for  example,  they  use  it  either  alone,  or  mixed  with  fat,  to  cement 
the  stone  heads  of  their  tomahawks  to  the  fibre  which  joins  them 
to  the  stick  forming  the  handle.  As  has  been  already  hinted,  it 
forms  a  natural  sealing-wax,  and  is  sometimes  used  by  people  in  the 
interior  for  this  purpose.  It  would  probably  serve  as  a  constituent  of 
black  sealing-wax  ;  alone  it  is  too  soft  for  keeping  in  this  climate. 

It  sometimes  occurs  in  great  quantities  on  the  stem,  is  hard  and 
brittle,  breaks  with  a  glassy  fracture  which  is  at  fii'st  of  a  ]Kirple  or 
indigo  colour,  but  becomes  brown  on  keeping.  Often  it  may  be 
picked  up  from  under  the  trees  in  rounded  or  globular  pieces. 

Two  samples  have  come  into  the  writer's  hands,  and  a  few  notes 
concerning  them  will  doubtless  be  interesting.  The  fii'st,  from  the 
Lachlan  River,  New  South  Wales,  is  in  small  rounded  lumps  usually 
weathered  on  the  outside,  and  having  a  pleasant  empyreumatic  odour ; 
these  are  of  a  dark  reddish-brown  colour,  fly  with  the  slightest 
touch  of  the  pestle,  and  are  easily  powdered.  The  resin  has  a  bright 
fracture,  which  appears  almost  black,  but  shows  reddish -brown  at 
the  edges.  It  softens  even  with  the  Avarmth  of  the  hand,  and  if  kept 
in  a  bottle,  the  heat  of  an  average  summer  day  is  sufficient  to  fuse 
pieces  presenting  fresh  fractures. 

It  presents  some  external  i-esemblauce  to  guaiacum  resin  (especi- 
ally when  that  substance  comes  to  market  in  small  lumps),  but  it  is 
not  so  green  in  colour  as  the  latter.  It  has  no  taste.  Cold  water 
has  no  effect  on  it,  but  if  the  water  be  heated  the  resin  melts  and 
floats,  forming  a  liquid  much  resembling  tar,  but  of  a  purplish- 
brown  colour.  The  water  remains  clear,  colourless  and  almost 
odourless. 

Light  petroleum  dissolves  46'8  per  cent,  of  a  reddish-brown  resin, 
destitute  of  odour.     Alcohol  dissolves  from  the  residue  28'1  per  cent. 
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of   a  deep  reddish-brown  resin,  which  is  almost  black  by  reflected 
light. 

The  residue  was  boiled  in  water  and  17  per  cent,  of  saline  matter 
was  extracted,  while  23'4  per  cent,  of  accidental  impurity  was  left 
behind.  This  is  of  a  chocolate  colour,  and  under  a  lens  was  seen  to 
consist  of  a  little  ligneous  matter,  with  a  large  percentage  of  in- 
organic impurity.     It  was  quite  free  from  gum. 

Summary. 

«-Resin  soluble  in  light  petroleum    46"8 

/3-     „           „           alcohol 28-1 

Saline  matters   1*7 

Accidental  impurity 23'4 

100-0 

The  crude  resin  melts  at  90'5°.     In  contains  no  tannic  acid. 

The  second  sample  was  procured  from  Netallie,  Wilcannia,  New 
South  Wales.  It  presents  no  marked  points  of  difference,  as  regards 
physical  appearance,  from  the  preceding  one.  On  treating  it  with 
alcohol,  the  liquid  is  not  so  dark  as  that  yielded  by  the  preceding 
sample,  neither  is  the  colour  so  rich.  It  resembles  tawny  port,  but 
is  a  little  darker. 

Light  petroleum  extracts  48"G  per  cent,  of  resin,  and  alcohol 
added  to  the  residue  extracts  36'4  per  cent. 


LXVI. — The  Lowering  of  the  Freezing  Point  of  Sodium  hy  the  Addition 

of  other  Metals. 

By  C.  T.  Hetcock,  M.A.,  and  F.  H.  Neville,  M.A. 

In  a  preliminary  note  communicated  to  the  Society  on  March  21st, 
1889,  and  published  in  the  Proceedings,  No,  65,  p.  41,  we  drew 
attention  to  the  lowering  of  the  freezing  point  of  tin  produced  by 
the  addition  of  small  quantities  of  other  metals.  Since  then  we 
have  examined  the  behaviour  of  alloys  of  tin  with  sodium,  gold, 
bismuth,  and  thallium,  and  have  re-examined  zinc  through  a  long 
range.  The  accompanying  table  gives  a  summary  of  our  results, 
using  tin  as  a  solvent. 


POINT   OF   SODIUM   BY   ADDITION   OF   OTHER   .METALS. 
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Table  I. — Fall  produced  in  the  Freezing  Point  of  Tin  hij  dissolving 
one  Atomic  Weight  of  Metal  in  lUO  Ato>nic  WeigJds  of  Tin  {that 
is  n.SOO  parts). 


Melting 

points 

(Curnelley) . 


Sodium  . . . 
Alumiimni 
Copper  .  . . 

Zine    

Silver 

Cadmium  . 
Antimony  . 
Gold  ...'.. 
Mercury  . . 
Thallium. 

Lead 

Bismutli  . . 


95 -0 
700  0 

1054  0 
433-0 
954-0 
3-20  0 
432  0 

1045  0 

3!  I  0 

294  0 

32G  -0 

2o8  -0 


Atomic 
weijiht. 


23 

27 

63 

65 

108 

112 

120 

197 

200 

203 

208 

210 


Atomic 
fall. 


2-5 
1-34 
2-47 
2-53 
2-67 
2-16 
rise  2  3 
2-80 
2-3 
2-6 
2-6 
2-10 


Different   examples    of 
Al  used. 


In  a  future  communication  we  hope  to  give  full  details  of  these 
experiments,  and  to  show  to  what  extent  these  atomic  falls  remain 
constant  with  increasiusf  concentration. 


Sodium  as  a  Solvent. 

Method  of  Experiment. — The  crucible  in  which  the  solvent  was 
melted,  except  where  otherwise  stated,  consisted  of  a  cylinder  of  cast 
iron,  6 — 8  inches  high,  and  5  inches  diameter.  In  the  axis  of  this 
cylinder  a  hole  was  bored,  from  1 — 2  inches  diameter,  and  about 
4  inches  deep.  Within  this  hole,  an  annular  iron  stirrer  worked  up 
and  down  by  means  of  a  small  water  motor — both  the  length  of 
stroke  of  the  stirrer  and  its  rate  of  motion  could  be  varied.  The 
block  rested  on  a  double  ring  gas  burner,  and  its  rate  of  cooling  was 
controlled  by  the  use  of  asbestos  cloth  wrappings  and  covers.  The 
rate  of  cooling  was  usually  about  a  degree  in  two  minutes. 

The  thermometer,  made  by  ^Ir.  Hicks  of  Hatton  Garden,  was 
graduated  in  an  arbitrary  scale  of  millimetres,  10  mm.  corresponding 
nearly  with  1°  C.  As  the  readings  were  all  made  Avith  a  telescope, 
the  temperatures  could  be  read  to  nearly  ^-g-oth  of  a  degree.  The 
zero  of  this  thermometer  had  been  fixed  by  long  annealing  in  oil 
according  to  the  method  Mr.  Hicks  adopts;  this  precaution,  though 
not  so  necessary  for  low  temperatures,  is  indispensable  for  working  at 
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high  temperatures.  When  tin  is  used  as  a  solvent,  the  zei^o  of 
common  thermometers  changes  during  the  course  of  a  few  hours. 

The  bore  of  the  thermometer  was  carefully  calibrated,  and  found 
to  be  slightly  conical ;  the  correction  due  to  this  was  plotted,  and  has 
been  applied  to  all  the  temperatures  we  give,  but  we  have  accepted 
the  fixed  points  sent  with  the  thermometer,  so  there  may  be  a  small 
+  error  which,  owing  to  the  nature  of  the  experiments,  is  unim- 
portant. During  the  experiments,  the  thermometer  was  clamped  in 
the  axis  of  the  cylinder,  and  raised  about  a  millimetre  from  the 
bottom  of  the  hole,  so  that  the  stirrer  worked  round  it  along  the 
whole  length  of  the  bulb.  In  making  an  experiment,  solid  paraflB.n 
was  first  placed  in  the  crucible,  and  then  a  weighed  quantity  of 
sodium  from  20 — 30  grams  (in  lai'ge  sticks)  was  dropped  in,  the 
molten  paraffin  forming  a  layer  about  0'5  inch  thick  above  the  sodium 
prevented  loss  by  oxidation  or  splashing.  The  crucible  was  raised 
well  above  the  melting  point  of  sodium,  and  allowed  to  cool  slowly 
whilst  constantly  stirred. 

The  thermometer  was  always  observed  to  fall  steadily,  and  then 
suddenly  to  rise  through  a  short  range  of  temperature  from  1 — 2°  C, 
it  then  remained  stationary  for  several  seconds  or  even  a  minute. 

The  highest  temperature  reached  during  this  surfusion  was  taken 
to  he  the  freezing  temperature  of  the  metal  or  alloy;  determined  in 
this  way,  the  freezing"  points  of  most  alloys  are  extremely  constant. 

At  temperatures  near  its  freezing  point,  and  even  up  to  250°,  sodium, 
unlike  tin,  dissolves  only  a  few  metals;  thus,  Au,  Li,  K,  Hg,  Tl,  and  In 
dissolve  freely,  Pb  aud  Cd  very  sparingly,  whilst  we  have  not  suc- 
ceeded in  dissolving  at  present  appreciable  quantities  of  other  metals, 
such  as  Zn,  Sn,  Al,  Mg,  Ag,  Pt,  Fe.  Tin  even  when  fused  with 
sodium  fails  to  give  a  true  solution. 

The  method  adopted  for  testing  the  solubility  of  metals  was  to  fuse 
the  sodium  under  paraffin  in  a  test-tube,  and  then  to  add  small 
quantities  of  the  metal  in  fine  division,  the  tempei^ature  being  raised 
to  the  boiling  point  of  .the  paraffin.  When  cold,  a  clean  piece  of  the 
sodium  was  thrown  into  absolute  alcohol  when  any  dissolved  metal 
separated  out  in  a  fine  powdery  generally  in  minute  crystals. 

Effect  of  Gold  on  the  Freezing  Point  of  Sodium. 

Ignited  precipitated  gold  dissolves  very  readily  at  temperatures  a 
few  degrees  above  the  melting  point  of  sodium.  The  freezing  point 
after  each  addition  of  gold  was  determined  twice,  the  temperatures 
rarely  showed  a  difference  of  a  tenth  of  a  millimetre. 
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Tahi,!-;  II. — Gold  lit.  Sodima.     1st  Series. 


Expt. 

num- 
ber. 

Wt.  Na. 

Wts.  ol' 

Au 
added  in 
succes- 
sion. 

Temps, 
of  freez- 
ing ])oint 

in  0°  C. 

Atoms  of 

Au  per 

100 

atomsNa. 

Atomic 
fall. 

Kemarks. 

(1).... 

2G-0U 

97 -47 





(2) . .  . . 

J, 

0  -2530 

90-85 

0-1138 

5-45 

(3).... 

0-lSi»o 

9fi-51 

0-1989 

4-87 

(4) . .  . . 

0-2157 

9fi  -07 

0  -2957 

4-74 

(5).... 

0  •34H8 

95-39 

0-4514 

4-61 

(6) .... 

1  -1438 

93  -09 

0-9t)55 

4-536 

(7).... 

0-8844 

91  -29 

1 -3G3 

4-535 

(8).... 

0  -6522 

89  -9r, 

1  -65G2 

4-535 

(9).... 

1 -0145 

87-91 

2  1122 

4-525 

(10).... 

0 -9388 

86-07 

2-5343 

4-5 

F.  P.    rather    uncer- 

tain until  a  nucleus  of 

solid  alloy  was  used  to 

determine      solidifica- 

tion. 

(11).... 

jj 

1  -0352 

83-89 

3-0 

4-53 

(12).... 

jj 

1-008 

81-92 

3-453 

4-51S 

(13).... 

" 

0  -9630 

82-1 

Temperature  remain- 
ed stationary  till  whole 
alloy  solidified. 

(14)  .... 

,j 

0  -261 

82-0 

— 

— 

Raised  to  155". 

(15).... 

^ 

0-481 

82-1 

— 

(1) 

(3), 
(4), 


20  -425 
» 

2-1 

1 -316     1 

3 -067     j 

6 -483     ■ 

ad 

Series 

97 

•44 

91 

•99 

88 

59 

82 

•1 





1-2 

4-51 

1-953 

4-53 

3-705 

4  14 

Sodium  being  now  more  than  saturated  with  gold,  additional  sodium 
was  added  to  dilute  the  solution. 


(5).. 

(6).. 

(7).. 

(8)., 

(9).. 
(10).. 
(11).. 


23  ^565 

25^160 

27  ^205 

29-8fi 

31  -705 

35 -015 

39  -025 

82-99 
83  -99 
85-03 
86-14 

86-5 

87-75 

88-75 


3-211 

4-50 

3-022 

4-45 

2-781 

4-46 

2-534 

4-46 

2-390 

4-43 

2-lGl 

4-48 

1-94 

4-48 

100  atomic  weights  of  sodium  will  therefore  keep  in  solution  about 
8-5  atomic  weights  of  Au.  Hence  this  represents  the  fully  saturated 
solution  of  gold  in  sodium.  The  behaviour  of  a  solution  of  gold  in 
sodium  appears  to  be  very  like  that  of  a  weak  solution  of  sodium 
chloride  in  water  (cf.  Guthrie,  PhiJ.  Mag.  [4],  46). 
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The  minimum  temperature  of  81-92"  is  singularly  constant  when 
reached,  remaining  stationary  until  the  whole  mass  has  solidified. 

Properties  of  the  Sodium  Gold  Alloys. 

When  the  alloys  are  treated  with  alcohol,  gold  is  precipitated  in 
very  fine  needles.  In  appearance,  the  solid  alloys  resemble  sodium, 
though  slightly  whiter  in  colour.  They  are  somewhat  harder  to  cut 
with  a  knife  than  ordinary  sodium,  and  the  cut  surfaces  oxidise  much 
more  rapidly,  probably  owing  to  the  action  on  the  moisture  of  the 
air  of  the  couple  formed  by  the  gold  and  sodium. 

An  alloy  obtained  by  diluting  with  sodium  the  fully  saturated 
sodium  and  gold  alloy  solution  was  analysed  by  adding  weighed 
portions  of  the  alloy  to  alcohol,  titrating  with  normal  HCl  for  sodium, 
washing,  and  weighing  the  gold. 

Two  analyses  gave  a  mean  result — - 

Found. 

Au 15-00 

Na   85-03 


100-03 

It  appeared  of  interest  to  ascertain  whether  tbis  alloy  would  remain 
homogeneous  when  kept  fused  for  some  time,  notwithstanding  the 
enormous  difference  in  the  densities  of  gold  and  sodium. 

For  this  purpose  a  test-tube  was  filled  witb  the  alloy,  and  kept  at 
130°  for  48  hours  under  parafiin ;  it  was  then  rapidly  cooled,  and 
after  solidification  portions  were  cut  ofi"  from  each  end  of  the  cylinder 
(which  was  about  4  inches  long),  and  analysed  as  before. 


Top  of  cylinder, 

?'                        5) 

Na  .. 
Au   .. 

Found. 
.     85-33 
.      1416 

Calculated  from 

weights  of 
Na  and  Au  used 

85-75 
14-25 

99-49 

lOO-OO 

Middle  of  cylinder 

)5                         ■> 

Na  ... 
Au   .. 

.     84-89 
.      14-60 

99-49 

Bottom  of  cylinder 

)5                       ■>: 

,Na   ... 
Au  .. 

.     84-49 
.      14-60 

99-49 
The  defect  in  each  case  is  due  to  traces  of  paraffin  intermixed  with 
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FALL    IN    THE    FREEZING    POINT    OF    SODIUM     PRODUCED 
BY    ADDING    GOLD. 
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ATOMS     OF     GOLD     PER     100     ATOMS     OF     SODIUM. 
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the  alloy.    It  thus  appears  that  when  fused  no  separation  of  the  metals 
takes  place. 

The  relative  density  of  this  alloy  taken  in  naphtha  was  found  to 
be  1'152;  assuming  the  composition  to  be  Na  85  per  cent.,  Au  15  pei 
cent.,  and  that  no  change  of  volume  takes  place  on  mixing,  the  calcu- 
lated density  is  1"141.  Hence  the  density  of  the  alloy  is  a  mean  of 
the  densities  of  its  components,  which  perhaps  indicates  that  the 
solid  alloy  is  a  mixture.  This  view  is  borne  out  by  the  comparatively 
large  size  of  the  crystals  of  gold  which  separate  out  when  the  alloy 
is  treated  with  alcohol.  As  the  full  investigation  of  the  physical 
and  chemical  properties  of  this  alloy  would  have  taken  us  away  from 
our  main  subject,  we  defer  the  i-epetition  and  fui-ther  verification  of 
these  results  for  a  future  paper. 


Table  III 

— Thallium  dissolved  in  Sodium. 

Expt. 
num- 
ber. 

Wt.  Na 
taken. 

Wts.  of 
thallium 

added 
in  succes- 
sion. 

Freezing 
point  of 
solution. 

Number 

atoms  Tl 

per  100 

atoms  Na. 

Atomic 
fall. 

Eemarks. 

I 

22-53 

97-46  ■ 

_ 

_ 

(2).... 

J, 

0-3277 

96-81 

0-164 

3-93 

(3).... 

1, 

0  -4865 

95-81 

0-408 

4-044 

(4).... 

JS 

0  -3525 

95-04 

0-635 

3-81 

(5).... 

>» 

0-3355 

94-34 

0-753 

4-143 

Na  raised  to  180"  be- 
fore adding  this  por- 
tion of  Tl. 

(U).... 

91 

0-6515 

93-05 

1-033 

4-269 

(7).... 

0-6620 

91-65 

1-41 

4-120 

(8).... 

}) 

1 -8915 

87-3 

2-36 

4-728 

Eaised  to  150°. 

(9).... 

19 

1-561 

83-64 

3-14 

4-401 

(10).... 

1-280 

80  -745 

3-783 

4-683 

(11).... 

" 

1 -2015 

77  -87 

4-384 

4-468 

Raised  fo  145'. 

Tlialliam  dissolves  in  sodium  very  readily,  as  it  is  only  necessary 
to  raise  the  sodiam  about  20°  above  its  freezing  point  to  dissolve 
rapidly  a  lump  of  thallium  weighing  a  gram  or  so.  The  extent  to 
which  this  lowering  is  continued  has  not  yet  been  determined,  as  we 
have  not  at  present  a  thermometer  with  a  sufficiently  open  range. 

It  is  remarkable  that  thallium  which  is  so  nearly  related  to  the 
alkalis  on  the  one  hand  is  readily  soluble  in  sodium,  whilst  lead,  the 
other  element  to  which  it  is  nearly  equally  closely  allied,  is  almost 
insoluble  in  sodium. 

When  the  mercury  was  added  to  the  molten  sodium,  a  con- 
siderable evolution  of  heat  and  light  took  place.     It   is   worthy  of 
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Table  IV. — Mercury  dissolved  in  Sodium. 


Number 

Expt. 
num- 

Wt. Na 

Wts.  of  Hg 
added  in 

Freezing 
point  of 

of  atoms 
of  Hg  per 

Atomic 
fall 

Remarks. 

ber. 

succession. 

solution. 

100  atoms 
Na. 

(1).... 

32-47 

97  -47 

_ 

_ 

(2).... 

0-5605 

96-6 

0-1986 

4-38 

Raised  to  over  200° 

(3).... 

0-7410 

95-38 

0 -4609 

4-534 

(4).... 

0  -5740 

94-46 

0-6643 

4-531 

(5).... 

0-5170 

93-64 

0-847 

4-519 

(6).... 

1-771 

90-93 

1-475 

4-43 

(7).... 

4-950 

83-35 

3-228 

4-374 

Another  Series. 


(1).... 

(2).... 
(3).... 

20  13 

0-5859 
1  -4938 

97-49 
95-95 
92-25 

0-335 
1-189 

4-6 
4-4 

Table  V. — Mixture  of  Thallium  aud  Mercury  dissolved  in  Sodium. 


Wt.  of 

Wt.  of 

Number 

Total 

Expt. 
num- 
ber. 

sodixim 
added  suc- 
cessirely. 

thallium 
added  suc- 
cessively. 

Freezing 

point  of 

solution. 

of  atoms 

Tl  per  100 

Na. 

number  of 
foreign 
atoms. 

Atomic  fall. 

Hg  +  Tl. 

(1).,... 

20-13 

— 

— 

— 

— 

— 

+  2  -08  Hg. 

92-25° 

— 

— 

4-4 
due  to  Hg. 

(2) 

» 

1  -0425 

89-86 

0-585 

— 

4-09 
due  to  Tl. 

(3) 

" 

1-163 

86  -97 

1-237 

— 

4-27 
due  to  TL 

(4) 

+  7-53 

(total  Na 

27-66). 

90-10 

0  -9006 

1-765 

419 
due  to  both 
Tl  and  Hg. 

(5)..... 

" 

0-8205 

88-61 

1-235 

2-136 

4-16 
due  to  both 
Tl  and  Hg. 

(6) 

1-27 

86-29 

1-795 

2-66 

4-20 

(7) 

)> 

1-122 

84-2 

2-252 

3-117 

4-26 
due  to  both 
Hg  and  Tl. 

uote  that  the  atomic  falls  do  not  indicate  in  any  way  the  formation 
of  a  chemical  compound  as  might  be  anticipated.  Had  the  mercury 
after  addition  appropriated  a  portion  of  the  solvent,  it  should  have 
made  these  atomic  falls  (?)  increase  as  the  number  of  atoms  of  solvent 
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diminished.  It  seems  not  unreasonable  to  suppose  that  a  compound 
may  be  formed  at  first  and  dissociated  afterwards  through  the  great 
dilution  of  the  solution. 

At  present  we  have  made  scarcely  any  experiments  with  mixtures 
of  three  elements. 

To  the  solution  of  mercury  in  sodium,  Tabic  IV  (Experiment  10), 
thallium  was  added. 


Table  VI. — Caihmum  dissolved  in  Sodium. 


Expt. 
num- 
ber. 

Wfc.  Na 
taken. 

Wt.  of 

cadmium 

added  in 

succession. 

Freezinjj 
point  of 
mixture. 

Number 

of  atoms 

of  C'd  per 

100  atoms 

Na. 

Atomic 
full. 

Kemarks. 

(1) 

21-07 

0  0 

97*49° 

_ 

_ 

(2) 

0  -0995 

97-11 

0  0969 

3-92 

Raised  to  260°. 

(3) 

0-102 

96  -75 

0-1964 

3-74 

Eaised  to  260°. 

(■4) 

0-0940 

96-42 

0-288 

3-72 

(5) 

0-1055 

96-04 

0  -3908 

3-71 

(6) 

0  -0792 

95  -83 

0  -4681 

3-55 

(7) 

0-078 

95-54 

0-5441 

3-584 

Raised  to  240°. 

(8) 

0-106 

95-431 

0-6475 

3-173 

Raised  to  240°  be- 
fore determina- 
tion of  freezing 
point. 

(P) 

J) 

0-194 

95-43 

0  -83G5 

Raised  to  260°  be- 
fore determina- 
tion    of    freezing 

point. 

Cadmium  dissolves  but  slowly  in  sodium,  and  it  is  necessary  to 
raise  the  temperature  after  each  addition  of  cadmium  very  con- 
siderably. 

The  table  shows  that  the  solution  became  fully  saturated  at  the 
temperature  of  95-43°  when  it  contained  0-764-2  gram  of  cadmium 
(total  weight  added,  experiments  2 — 8  inclusive),  that  is,  305  per 
cent,  cadmium. 

Beyond  this,  further  addition  of  cadmium  ceases  to  produce  any 
effect. 

The  introduction  of  small  masses  of  potassium  is  attended  with 
almost  unavoidable  loss  by  oxidation.  This  was  diminished  as  far  as 
possible  by  cutting  the  potassium  in  a  deep  basin  into  which  a  brisk 
current  of  dry  carbon  dioxide  was  passed  ;  the  potassium  was  then 
weighed  in  a  tube  full  of  carbon  dioxide.  We  intend  shortly  to 
investigate  further  the  action  of  potassium  on   sodium  to  see  if  the 
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lowering    holds    good    for    considerable    percentages    of    potassium, 
especially  the  behaviour  of  the  liquid  alloy. 

Table  VII. — Potassium  dissolved  in  Soditan. 


Expt. 
number. 

Wt.  Na 

taken. 

Wt.  of  K 

added 

successively. 

Freezing 
point  of 
solution. 

Number  of 

atoms  K 

added  per 

100  atoms 

Na. 

Atomic  fall. 

(1) 

(2) 

(3) 

(4) 

(5) 

34-83 
>> 

0-0 

0-160 

0-601 

0-744 

0-536 

97  -49° 
96-52 

92-88 
88-81 
85-93 

0  -2708 
1-288 
2-547 
3-455 

3-58 
3-58 
3-408 
3-345 

Another  Series,  using  an  Atmosphere  of  Nitrogen  without  Paraffin. 
75-9 


41-87 


0-0 
0-204 


0-1023 


97-14 
96-53 

97-5 
96  -99 


0  158 


3-85 


3-45 


Silver  in  Sodium. 

Since  silver  even  when  finely  precipitated  (Stas'  method)  is  practi- 
cally insoluble  in  sodium  at  temperatures  near  its  freezing  point,  an 
attempt  was  made  to  dissolve  the  silver  in  mercury  and  then  to  add 
this  amalgam  to  the  sodium.  The  silver  would  probably  under  these 
circumstances  be  in  a  favoui-able  condition  for  solution. 

20'64  grams  sodium,  freezing  point  97-49°,  were  taken,  and  to  this 
an  amalgam  of  0'201  gram  of  precipitated  silver  dissolved  in 
2-16  grams  mercury  was  added.  Freezing  point  of  mixture  92-2° 
and  92-11°.  Calculating  the  effect  produced  by  the  mercury  alone 
(from  Table  IV),  the  lowering  should  have  been  92-19.  Hence' 
we  conclude  that  silver  is  insoluble  in  sodium,  and  that  the  amalgam 
behaved  like  a  solution  of  a  resin  in  alcohol  when  thrown  into  water, 
the  silver  being  precipitated.  Silver,  even  when  heated  strongly  in  a 
tebt-tube  with  sodium,  did  not  dissolve. 


Zinc  in  Sodium. 

Zinc  was  treated  in  the  same  way,  that  is,  by  amalgamating 
with  mercury,  but  like  the  silver  in  the  foregoing  exjjeriment  it  pro- 
duced no  effect,  the  fall  being  almost  exactly  accounted  for  by  the 
action  of  the  mercury  alone. 


II 
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Lithium,  in  Sodium. 

Of  all  the  metals,  Hthium,  on  account  of  its  extremely  low  atomic 
weight,  presents  the  greatest  interest.  Unfortunately,  however,  it  is 
exceedingly  diflficult  to  work  with  in  presence  of  sodium ;  even  at 
100°  it  oxidises  with  great  rapidity  and  attacks  the  iron  blocks. 
Further,  on  account  of  its  very  low  specific  gravity,  it  is  impos.sible 
to  use  more  than  a  film  of  paraffin  over  the  sodium,  otherwise  the 
lithium  floats,  and  never  comes  in  contact  with  the  sodium. 

After  the  loss  of  a  considerable  portion  of  lithium,  these  difficulties 
were  partly  overcome  by  placing  a  wide  test-tube  in  the  iron  block 
and  melting  the  sodium  in  it.  Through  the  cork  of  the  test-tube 
the  shaft  of  a  glass  stirrer,  the  thei-mometer,  and  a  small  tube  were 
passed.  A  trace  of  paraffin  was  added,  a  good  stream  of  nitrogen  was 
then  passed  in,  and  the  sodium  raised  above  the  melting  point  of 
lithium  (180").  A  weighed  piece  of  lithium  Avas  then  thrown  in  and. 
rapidly  stirred,  and  the  temperature  reduced  as  quickly  as  possible. 
The  preliminary  experiments  are  omitted  as  worthless. 

Table  YIII. — Lithium  dissolved  in  Sodium. 


Expt. 
number. 

Wt.  of  Na 
taken. 

TVt.  of 

lithium 
added. 

Freezing 
point  of 
mixture. 

Number  of 
atoms  of  Li 
per  100  Ha. 

Atomic  fall. 

I 

II 

Ill 

21-27 

0  -0778 
0  03i8 

97-55° 
96  -06 
95  -46 

1-2 
1-74 

1-24 
111 

Lead  in  Sodium. 

Lead  dissolves  very  sparingly  indeed  in  sodium  even  when  the 
temperature  is  raised  considerably. 

Thus  81-6  grams  of  sodium,  f .  p.  97-69°,  after  addition  of  0-1215 
gram  of  lead,  had  a  freezing  point  97-39°.  This  gives  atomic  fall  of 
4-6.  Further  addition  of  0-1465  gram  of  lead  produced  no  further 
fall  in  freezing  point. 
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Tatsle  IX. — Indium  in  Sodium. 


(7) 

(8) 

(9) 

(10) 

(11) 


To  this  saturated  solution  sodium  was  added. 


Total 
indium 
present. 


Wts. 

of  Na 

added  in 

succession. 

3 

-88 

1 

•43 

2 

•00 

3 

•00 

4-00 

0-621 


P6^09 
96  •! 
96-14 
96-27 


0  4155 
0-3783 
0-3376 


Expt. 
number. 

Wt.  of  Na 
taken. 

Wts.  of  In 
added  in 

Freezing 
point  of 

Number  of 
atoms  of  In 

per  100 
atoms  of  Na. 

Atomic 
fall. 

succession. 

solution. 

(1) 

23-0 

_ 

97-6 

(2) 

0  -0303 

97-51 

0  -0267 

3-37 

(3) 

0-0576 

97-31 

0  -0774 

3-75 

(4) 

0-1472 

96-32 

0  -2072 

3-765 

(5) 

0  -2489 

96-11 

0  -4267 

3-49 

(6) 

0  -1370 

96-09 

— 

— 

3-51 
3-51 
3-55 


Indium  dissolves  easily  in  sodium. 

Potassium  as  a  Solvent. 

Potassium  lias  been  used  for  a  few  metals  only.  The  atomic  falls 
are  approximately  as  follows: — Na  1^6,  Au  1^8,  Tl  1^7. 

We  intend  to  continue  our  researches,  and  hope  to  be  able  soon  to 
communicate  the  results  to  the  Society. 


Sidney  College  Laboratory, 
Cambridge. 
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LXVII. — The  Alloys  of  Lead,  Tin,  Zinc,  and  Cadmium. 

By  A.  P.  Laurie. 

In  a  former  paper  (' Trans.,'  1888,  p.  88),  I  have  described  tlie  be- 
haviour of  copper-zinc  and  copper-tin  alloys  in  a  voltaic  cell,  and 
deduced  from  their  behaviour  that  the  metals  combine  with  one 
another,  forming  respectively  a  compound  of  the  formula  CusSn  and 
Zn,Cu. 

The  above  metals  are  grouped  together  by  Matthiessen  as  im- 
parting to  their  alloys  their  physical  properties  in  the  proportion  in 
which  they  are  mixed  one  with  another.  It  is,  therefore,  probable 
from  this  that  they  do  not  form  compounds  one  with  another,  but 
are  merely  mixtures.  If  this  view  be  correct,  the  electrometer  should 
detect  the  more  positive  metal  when  the  alloy  is  u.sed  in  the  voltaic 
cell  in  place  of  the  zinc  plate,  even  though  the  quantity  of  the  more 
positive  metal  present  be  very  small. 

The  first  alloys  experimented  on  were  the  lead-tin  alloys.  Un- 
fortunately there  is  very  little  difference  in  potential  between  lead 
and  tin,  and  it  was  necessary  in  consequence  to  use  ten  cells  in  series. 
The  alloys  were  made  of  the  best  grain  tin  and  of  assay  lead,  well 
mixed  and  cast  in  an  iron  mould  in  the  form  of  thin  plates.  The  cell 
used  consisted  of  the  plate  of  alloy,  a  slightly  acid  solution  of 
stannous  chloride,  and  a  lead  plate  coated  with  lead  chloride. 

The  alloys  made  up   contained  (a)  1  per  cent,  of  lead;   (li)  10  per 
cent,  lead  ,   (c)  50  per  cent,  lead  ;  and  (fZ)  70  per  cent,  of  lead. 
The  E.M.F.'s  obtained  were  as  follows  : — 

Pure  tin  0035  volt;  (a)  alloy  0015  volt;  (h)  alloy  0-020  volt; 
(c)  alloy  0-015  volt ;   {d)  alloy  0015  volt. 

It  will  be  seen  fi'om  this  table  that,  whilst  the  introduction  of 
1  per  cent,  of  lead  modified  the  E.M.F.  of  the  cell,  the  introduction  of 
more  lead  had  no  further  effect,  and  that  there  is  therefore  no 
evidence  as  far  as  the  electrometer  can  show  of  the  existence  of  a  com- 
pound between  lead  and  tin. 

While  testing  the  E.M.F.  of  these  alloys,  it  seemed  of  some  interest 
to  determine  afresh  the  alloj-  of  lowest  melting  point,  and  study  the 
distribution  of  lead  and  tin  in  blocks  of  alloys  slowly  cooled. 

To  determine  the  lowest  melting  point,  some  800  grams  of  50  per 
cent,  alloy  were  allowed  to  cool,  and  the  mother-liquor  poured  off 
from  the  crystals  formed.  This  was  done  on  two  separate  occasions, 
and  the  resulting  alloy  analysed  :  the  first  having  60-2  per  cent,  of 
tin,  the  second  60-4  per  cent,  of  tin,  giving  a  mean  of  GO'S  per  cent. 

VOL.  LV.  3   B 


678  LAURIE:  THE  ALLOYS  OF  LEAD, 

of  tin.  This  lowest  melting  point  alloy  is  usaally  called  in  the  text- 
books SnaPb,  which  would  give  it  a  composition  of  6o"l  per  cent,  of 
tin.  It  will  be  seen  that  its  composition  does  not  really  agree  with 
any  definite  formula,  althouerh  near  enough  to  account  for  the 
assumption  that  it  had  one.  (Tin  has  been  taken  as  118  in  these 
calculations.)  To  determine  the  distribution  of  the  metals  on  cool- 
ing, a  square  block  of  bees- wax  1^  inches  in  the  side  was  bedded  in  a 
mass  of  plaster  of  paris  and  sand,  two  holes  being  left  to  the  outside  ; 
the  wax  was  then  melted  out  and  the  alloy,  after  thorough  mixing, 
run  in.  Two  holes,  one  across,  the  other  up  and  down,  were  then 
drilled  through  the  block ;  the  turnings  were  collected  as  they  came 
out  and  analysed.  In  subsequent  experiments  the  corners  and  centre 
of  the  block  merely  were  analysed. 

The  results  are  given  below.  It  will  be  seen  that,  though  some- 
what irregular  in  composition,  a  general  tendency  is  apparent  for  the 
tin  to  be  thrown  to  the  outside  of  the  block. 

Ouly  one  alloy  seems  to  be  homogeneous,  namely,  that  correspond- 
ing to  21  per  cent,  of  tin.  This  is  the  lowest  point  of  the  density 
curve  as  given  by  other  experimenters. 

(1.)  Alloy  made  up  for  21  per  cent,  of  tin.  Analysis  of  borings  in 
order  through  the  block  sideways,  20-10,  19-98,  20-09,  20-01,  20-03, 
20-06,  20-04  per  cent.  From  bottom  to  top  of  block,  20-06,  2006, 
20*04  per  cent. 

(2.)  Alloy  made  up  for  50  per  cent,  of  tin.  Analysis  of  the  corners 
gave:  for  the  top,  51-9,  5021,  49  4,  50-5  per  cent,  of  tin;  for  the 
bottom,  50-32,  50-03,  50-7  per  cent,  of  tin.  Analysis  of  the  centre 
gave  48-95  per  cent,  of  tin. 

(3.)  Alloy  made  up  for  64  per  cent,  of  tin.  Analysis  of  borings 
through  the  sides  gave,  in  order,  63-72,  63-37,  59-1,  61-16,  62-4,  63-6 
per  cent.     Analysis  from  bottom  to  top,  62-2,  63-5,  64-1  per  cent. 

(4.)  Alloy  made  up  for  80  per  cent,  of  tin.  Top  corners,  79-1, 
79-95,  80-2,  80-2  per  cent,  of  tin ;  bottom  corners,  79-9,  79-4,  80-24, 
80'3  per  cent,  of  tin  ;  centre  of  block,  73-2  per  cent,  of  tin. 

As  confirming  the  result  obtained  by  the  electrometer,  I  may 
mention  that  Spring  in  a  recent  paper  {Bull.  Acad.  Boy.  Belg.  [3], 
11,  86)  states  that  he  does  not  believe  that  these  metals  form  a  com- 
pound. The  usefulness  of  these  alloys  for  wiping  a  joint  is  owing  to 
their  behaviour  on  cooling,  one  alloy  apparently  crystallising  out 
after  another,  so  that  they  remain  in  a  pasty  state  for  a  considerable 
range  of  temperature. 

The  next  alloys  examined  were  the  lead-zinc  alloys.  Matthiessen 
states  that  these  metals  do  not  even  mix,  the  lead  retaining  only 
1-7  per  cent,  of  zinc.  Some  alloys  were  therefore  made  up  contain- 
ino-  1  per  cent,  ouly  of  zinc,  cast  in  thin  plates,  and  tested  on  the 
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electrometer;  the  cell  eoutaiiied  zinc  chloride  and  lead  plates  coated 
with  lead  chloride. 

The  plates  gave  a  deflecfion  of  0'4'83  volt  (zinc  :=  '490  volt),  tlms 
indicating  the  presence  of  the  1  per  cent,  of  zinc. 

The  plates  were  then  scraped  with  a  penknife  and  ;igain  tested. 
They  now  gave  no  deflection,  showing  apparently  that  all  or  nearly 
all  the  zinc  lay  in  the  ontside  portions  of  the  a|loy.  On  analysing  the 
inside  portion,  it  was  found  to  contain  only  04  per  cent,  of  zinc. 

Some  fresh  alloy  was  made  up,  cast  in  a  circular  form,  and  a  thin 
layer  removed  in  the  turning  lathe.  This  coating  contained  24  per 
cent,  of  zinc,  showing  that  the  lead  tries  to  reject  even  the  1  per  cent, 
of  zinc  mixed  with  it.  With  reference  to  the  failure  of  the  electi-o- 
meter  to  detect  the  0"4  per  cent.,  it  may  be  pointed  out  that  owing  to 
local  action  a  very  minute  trace  of  metal  may  be  dissolved  too 
quickly  to  show  its  presence ;  but  this  can  always  be  remedied  by 
amalgamating  the  plate. 

Lead,  then,  apparently  tries  to  reject  every  trace  of  zinc,  and  any 
zinc  found  in  it  may  be  regarded  as  mechanically  caught  in  the 
metal  while  cooling. 

The  zinc-tin  alloys  were  next  tried  in  a  cell  contaijiing  zinc  chloride, 
stannous  chloride,  and  tin. 

These  metals  seem  to  mix  readily.  The  results  are  given  below. 
The  1  per  cent,  alloy  gave  uncertain  indications  until  amalgamated. 
Here  again  we  have  no  indication  of  a  compound. 

Pure  zinc,  0'53t>  volt.  1  per  cent,  zinc  alloy,  after  amalgamating, 
0"530  volt.  The  intermediate  alloys  containing  10,  50,  and  70  per  cent, 
of  zinc  gave  similar  deflections,  showing  that  a  small  quantity  of  the 
more  positive  metal  could  be  detected ;  the  metals,  therefore,  do  not 
combine. 

Alloys  of  lead  and  3  per  cent,  cadmium,  and  of  tin  and  3  per  cent, 
cadmium  were  tested  on  the  electrometer. 

The  E.M.F.  of  cadmium  alone  was  0-322  volt,  that  of  the  lead- 
cadmium  was  0'264,  and  of  the  tin- cadmium  0'292  volt.  Since,  then, 
3  percent,  of  cadmium  can  be  detected  in  either  tin  or  lead  alloys  of  the 
metal,  we  cannot  suppose  that  cadmium  combines  with  either  of 
these  metals. 

The  results  of  these  experiments,  then,  is  to  show  that  the  electro- 
meter confirms  the  conclusions  arrived  at  by  Matthiessen,  namely,  that 
lead,  tin,  zinc,  and  cadmium  do  not  combine  with  each  other  when 
mixed  together.  They  also  show  the  delicacy  of  the  electrometer  in 
detecting  small  quantities  of  more  positive  metals. 

Chemical  Lahnrafory. 
Peoj)les  Palace. 
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LXVITT. — The  Magnetic  Tiotatory  Poiver  of  Nitrogen  Compounds,  also 
nf  Hudrochloric,  Hijdrohromic,  mid  Hydriodic  Acids,  and  of  some  of 
the  Salts  of  Ammonia  and  the  Compomid  Ammonias. 

By  W.  H.  Perkin,  Ph.D.,  F.R.S. 

Ix  tlie  previous  investigations  of  the  magnetic  rotatory  power  of 
substances,  in  relation  to  their  chemical  composition,  vrhich  I  have 
had  the  honour  of  laying  before  this  Society,  my  attention  has  chiefly 
been  directed  to  compounds  containing  carbon,  hydrogen,  oxygen,  and 
the  halogens.  This  inquiry  has  now  been  extended,  and  in  this  com- 
munication an  account  is  given  of  nitrogenous  compounds.  The 
object  of  this  was  to  accumulate  fresh  facts,  so  as  to  get  more  material 
for  generalisation,  but  more  especially  to  stndy  the  influence  of 
nitrogen  upon  the  rotation  of  substances  in  which  it  exists  in  tri-  and 
penta-Ysiient  conditions,  because  it  has  been  repeatedly  shown  that 
compounds  containing  carbon  in  an  unsaturated  state  have  a  con- 
siderably greater  rotatory  power  than  those  in  which  it  is  saturated, 
and  it  therefore  was  a  matter  of  intei^est  to  see  whether  other 
elements  exerted  a  similar  influence. 

Substances  of  the  following  classes  were  examined  in  this  inquiry  : 
nitrates,  nitro-compounds,  nitrites,  cyanides,  ammonia,  compou^nd 
ammonias,  and  their  salts. 

With  reference  to  the  last-mentioned  compounds,  it  was  my  original 
intention  to  examine  the  hydrochlorides  or  chlorides  only,  bnt,  as 
these  gave  peculiar  results,  it  was  considered  desirable  to  include 
ammonium  bromide  and  iodide,  and,  for  further  comparison,  ammo- 
nium nitrate  and  its  sulphates  ;  this  made  it  necessary  not  only  to 
determine  the  rotation  of  the  salts  themselves,  but  also  of  the  acids 
employed  in  their  formation,  except  sulphuric  acid,  which  had  been 
previously  studied. 

Before  discussing  any  of  the  results  which  have  been  obtained,  it 
wnll  be  most  convenient,  in  the  first  place,  to  give  an  account  of  the 
substances  employed  and  their  magnetic  rotations. 

Nitric  Acid. 

A  quantity  of  nitric  acid,  sp.  gr.  1"52,  was  distilled  with  about 
10  per  cent,  of  H3SO4  (100  per  cent.),  the  first  part  being  rejected. 
It  was  then  redistilled,  while  a  rapid  current  of  carbonic  anhydiide 
was  passed  through  it,  according  to  the  directions  given  by  Kolbe 
{Ann.  Chem.  Phys.,  79,  136)  ;  in  this  way  a  fraction  was  obtained 
■which  was   very  nearly  colourless,    b.  p.  83'7 — 84" 7°   (corr.).      The 
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composition  of  this  acid  was  found  to  be  98'3  per  cent,  of  HNO^,  or 
HNOa  -)-  0000  mol.  OHo.     The  density  determinations  gave — 


d%  1-5390, 
4 

czg  1-.53G8, 


15° 
d~  1-5191, 

df^  1-5043. 


According  to  Kolbe's  table  of  densities,  this  acid  should  have  a 
density  of  1-52G  at  15°.  It  is  possible,  however,  that  tlie  two  acids 
examined  were  not  quite  equally  free  from  lower  oxides  of  nitrogen, 
and  this  may  account  for  this  small  discrepancy. 

The  mamietic  rotations  srave — 


t. 

Sp. 

rotation. 

Mol.  rotation. 

14° 

0 

■5274 

1-235 

13 

0 

•5303 

1-240 

13 

0 

•5289 

1237 

12 

0 

•5333 

1-246 

12 

0 

5318 

1^243 

Average 

13 

0 

5303 

1-240 

0-OG  mol 
).,  - 

OH., 

0  -060 

HNC 

1  •  ]  80 

Nitric  Acid  and  Water. 

The  dilute  acid  was  i^edistilled  before  use,  nitrate  of  urea  beiiiL;- 
added  to  remove  lower  oxides  of  nitrogen.  Its  strength  was  5G  74 
per  cent.,  and  its  composition  HNO3  +  2-67  mol.  OHo. 

The  density  determinations  gave — 


d%  1-3571, 
15 


df?,  1-3474. 


Kolbe's  table  gives  57  per  cent,  for  a  density  of  1-358  at  15°. 
The  magnetic  rotations  gave — 


1 
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i. 

Sp.  rotation. 

Mo] 

.  rotation. 

21° 

21 

21 

0  -7987 
0  -8006 
0-8031 

3-646 
3-655 
3-667 

Average     21 

Less  OH2- . .  • 

0  -8008 

, 

3-656 
2-670 

0-986 

Methijl  Nitrate. 
Tliis  was  prepared  from  methyl  alcohol,  and  nitric  acid,  nitrate 
of  urea  being  added  to  the  mixture.  It  boiled  constantly  at  65°  (corr.). 
The  density  determinations  gave — 

,5° 


10° 
d—  1-2241, 


rfl|°  1-2167, 

d^^o  1-2096, 


d~  1-2032. 
25 

Dumas  and  Peligot  give  1-182  at  20°  (A  15,  26). 
The  magnetic  rotations  gave — 


t. 

Sp.  rotation. 

Mol.  rotation. 

12-0° 

0-5852 

2-050 

13-5 

0-5887 

2-066 

14-0 

0  -5863 

2-058 

14-5 

0  -5842 

2  052 

5-0 

0-5951 

2  065 

5-5 

0-5930 

2-059 

5-8 

0-5912 

2  -054 

6-0 

0-5918 

2  057 

Average     9  5 

0-5894 

2-057 

Ethyl  Nitrate. 

The    specimen  used   boiled  at  87-5 — 877°    (corr.). 
determinations  gave — 


The  density 


di°  1-1305, 

10° 


9  CO 

^25°  ^'^^^^- 


15° 

^^o  1-1159, 
10 

90° 

d^  1-1099, 
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The  mapfnetic  rotations  gave — 


G83 


t. 

Sp.  rotation. 

Mol.  rotation. 

11  0" 

0-G811 

3  073 

9-8 

0  -0847 

3  -084 

9-8 

0-(J8G2 

3(i'.)l 

9-5 

0  0873 

3  •  095 

10-6 

0-G83I 

3  080 

10-0 

0  -(iw;  I 

3  093 

9-5 

0-G82S 

3  -075 

9-0 

0  -GS-IG 

3  081 

Average     9  '9 

0  68  to 

3-081- 

Propyl  Nitrate. 

This  was  prepared  from  propyl  alcohol  and  nitric  acid,  nitrate  of 
urea  being  previously  dissolved  in  the  acid.  After  fractioning  a  few 
times,  it  was  obtained  boiling  at  110"2 — 110'7°  (corr.).  The  boiling 
point  given  by  Wallach  and  Schuize  (B  14,  421)  is  110-5°.  The 
density  determinations  gave — 


41  l-'^747, 
o 

10° 
cZi^  1-0688, 


d%  1-0631, 

90° 

d^,  1-0580, 


d||,  1-0531. 


The  magnetic  rotations  gave — 


t. 

Sp.  rotation. 

Mol 

.  rotation. 

10-0" 

0-7183 

4-085 

10  0 

0-7507 

4  -097 

10  0 

0-7183 

4  083 

9-6 

0 •7189 

4  -086 

5-5 

0-7536 

4  -1193 

5-5 

0-7499 

4  072 

5-5 

0--O39 

4 -085 

5-5 

0-7519 

4  -083 

Average     7-7 

0  -7507 

4  085 

Isohutyl  Nitrate. 
This  Avas  fractioned  a  few  times,  and  the  portion  boiling  betwean 
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]23'5 — 124' 5°  selected  for   exaniination.     Its  density  determinations 
gave — 


dj  1-0334, 
10° 


d^I  1-0215, 
io 

90° 
^^o  1-0168, 


d§o  1-0124. 


The  magnetic  rotations  gave — 


t. 

Sp,  rotation. 

Mol.  rotation. 

13-5° 

0  -8020 

5-184 

10-5 

0-8012 

5-163 

10-0 

0  -8035 

5-175 

9-8 

0 -8049 

5-184 

9-6 

0-8012 

5-158 

9-8 

0-8070 

5-197 

9-7 

0  -8049 

5-183 

9-6 

0  -8055 

5-186 

9-5 

0  -8056 

5-188 

6-0 

0-8116 

5-206 

6  0 

0  -8093 

5-190 

5-6 

0  -8057 

5-164 

5-6 

0-8054 

5-163 

Average     8  '9 

0  -8052 

5-180 

Ethylene  Nitrate.     Nifroglycol. 

This  was  prepared  in  the  same  way  as  nitroglycerin,  only  using 
glycol  instead  of  glycerin  (p.  685).  After  being  well  washed  with 
water  and  then  with  a  solution  of  sodium  carbonate,  it  was  obtained 
as  a  pale  yellow  oil.  This  was  well  dried  over  anhydi'ous  potassium 
carbonate,  allowed  to  stand  until  clear,  and  then  decanted  for  use. 
This  substance  was  first  obtained  by  Henry  (Ber.,  3,  529).  As  men- 
tioned by  him,  it  detonates  when  struck  on  an  anvil,  but  not  so  easily 
as  nitroglycerin.  When  heated  in  a  test-tube,  it  gives  off  a  small 
quantity  of  red  fumes,  boils,  and  distils  up  the  side  of  the  tube ;  if 
strongly  heated  it  explodes  with  great  violence. 

Nitroglycol  is  a  somewhat  thick,  clear,  pale  yellow  oil  ;  the  colour 
is  believed  to  be  due  to  a  small  amount  of  impurity,  as  it  disappears 
after  some  weeks.  It  requires  several  times  its  volume  of  alcohol 
for  solution.  Aqueous  potash  has  but  little  action  on  it  in  the  cold, 
but  decomposes  it  on  boiling,  producing  a  brown  liquid.  Cold  alco- 
holic potash  does  not  act  rapidly  upon  this  substance  at  first,  but  the 
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Tiiixtnre  grarlually  "becomes    warm,    and    afterwards   boils   violently, 
becoming  brown.     The  density  determinations  gave — 


d-,^  1-5099, 
4 

10" 
^j^o  1-5012, 


1  ^1° 
cTi,,  1-49G0, 
16 

90" 
(Zfli  1-4908, 
20'' 


d%,  1-4860. 
2o 


Tlio  magnetic  rotations  gavt — 

t. 

Sp.  rotation. 

^lol.  rotiition. 

13-5" 

0-6fi57 

3  -753 

13-5 

0-U()57 

3-753 

13-5 

0-G(),>J. 

3-752 

13-5 

0-(;t)t;4 

3-774 

13-5 

0-G7U9 

3-774 

10-6 

0-6097 

3-767 

11-5 

0 -6700 

3-772 

11-5 

0G700 

3-772 

12-4 

0-6735 

3-793 

Average  12  6 

0-6686 

3-768 

]sitro(jbjcerin. 

To  prepare  this,  60  c.c.  of  nitric  acid,  density  1-42,  freed  from  any 
red  fumes  by  nitrate  of  urea,  were  mixed  with  100  c.c.  of  sulphuric 
acid  and  20  c.c.  of  45  per  cent,  fuming  sulphuric  acid  ;  this  mixture 
was  cooled  with  ice,  and  20  c.c.  of  glycerin  gradually  added.  After 
standing  a  few  hours,  the  product  was  poured  into  a  large  bulk  of 
water,  the  nitroglycerin  collected  and  washed  with  water,  and  then 
with  a  solution  of  sodium  carbonate.  A  good  deal  of  difficulty  was 
experienced  in  getting  the  nitroglycerin  sufficiently  clear  for  ex- 
amination, but  it  was  accomplished  eventually  by  heating  it  to  about 
30°,  so  as  to  render  it  more  fluid,  and  placing  it  in  contact  with  an- 
hydrous potassium  carbonate.  After  keeping  it  at  this  temperature,  it 
was  allowed  to  cool,  and  in  about  24  hours  it  was  warmed  again  and 
filtered  through  paper,  a  vacuum  pump  being  used.  Finally  a  little 
phosphoric  anhydride  was  shaken  with  it,  and  after  standing  for  some 
time  it  was  decanted  for  use.     Its  density  determinations  gave — 

,15^ 


di°  1-6144, 
4°  ' 

10° 
di^„  1-6066, 


cS  1-5910. 


d-^^  1-6009 
20° 


680  PERKI>J  :   THE   MAGNETIC   ROTATORY   POWER 

The  masrnetic  rotations  ^ave — 


t. 

Sp.  rotation. 

Mol.  rotation. 

14-0° 

0-G865 

5-404 

13  0 

0-G860 

5  -396 

12-5 

0  -6857 

5  -392 

12  0 

0-6875 

5-404 

120 

0-G877 

5-406 

12  0 

0-6880 

5-408 

14-8 

0  -  6848 

5-393 

15-5 

0  -6897 

5  -428 

16-0 

0  -6869 

5-415 

Average  13  "5 

0-6870 

5-405 

Isobutyl  Nitrite. 

This  product  was  purified  first  by  shaking  with  dry  potassium  car- 
bonate, and  fractionally  distilling  until  the  temperature  rose  to  77° ; 
the  distillate  was  then  again  treated  with  potassium  carbonate  and  re- 
fractioned  a  few  times  in  a  Wurtz  flask  with  a  very  long  neck.  The 
product  collected  for  examination  boiled  at  67 — G8°.  Tt  was  left  with 
potassium  carbonate  for  a  short  time  and  then  decanted  for  use.  The 
density  determinations  gave — 


di°  0-8878, 
4 

d^^  0-8806, 


15° 
dtl,  0-8752, 
15 


J^,  0-8702, 
2U^ 


95° 
d%,  0-8652. 
2o 


The  magnetic  rotations  gave — 


f. 

Sp.  rotation. 

Mo 

.  rotation. 

4-5° 

0-8545 

5-511 

4-8 

0  -8533 

5-506 

4-8 

0-8527 

5-502 

5-0 

0-8521 

5-500 

13-5 

0-8484 

5-537 

13-0 

0  -8428 

5  -497 

12-0 

0  -8475 

5-521 

Average     8  '2 

0-8502 

5-510 
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Nttromethane. 

This  substance  was  dried  with  potassium  carbonate.  Wlien  dis- 
tilled, it  nearly  all  came  over  at  101''  (oorr.).  The  density  deferuiiiiu- 
tions  gave — 


4°  I'l^^'So, 

10" 
d~  1-1502, 


c?f|_  1-1330. 


1  ^° 
cii|„  11441, 

rf^  1-1382 

2U 


The  raaofnetic  rotations  grave — 


/. 

Sp.  rotation. 

Mol.  rotation. 

9-8° 

0-6280 

1  -853 

9-6 

O-c-is'.} 

1-852 

9-6 

0-G2S2 

1-853 

9-6 

O-ti^dl. 

1  -857 

10-7 

0  ■(>2m 

1  -852 

10-3 

o-t;;ioi 

1-857 

10-0 

0-fi3(i;3 

1-875 

9-5 

0  -6325 

1-862 

Average     9  "9 

0-6304 

1-858 

Nitroethane. 

The  specimen  used  was  dried  with  potassium  carbonate.     It  boiled 
at  114—115°  (corr.). 

The  density  determinations  gave — 


d^  1-0685, 

4 

10° 
^o  1-0615, 


4:  1-0461. 


rfj-|!  1-0561, 

20° 
d^^  1-0509, 

20° 


The  magnetic  rotations  srave — 
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t. 

Sp.  rotation. 

Mol.  rotation. 

12-5° 

0-7204 

2-835 

11-5 

0 

7207 

2-833 

10-5 

0 

7244 

2-845 

9  2 

0 

7257 

2-848 

10-5 

0 

7191 

2-824 

9-6 

0 

7284 

2-858 

9-2 

0 

7209 

2-827 

9  0 

0-7203 

2  -824 

Average  10  '2 

0 

7224 

2-837 

Nltropro]^ane. 

This  substance  was  prepared  in  the  usual  manner  with  silver 
nitrite  and  propyl  iodide.  These  substances  when  mixed  do  not  react 
quickly,  but  after  a  very  few  minutes  ebullition  sets  in  with  vigoiu", 
and  the  silver  salt  fuses,  apparently  owing  to  the  formation  of  a 
compound  of  the  iodide  and  niti-ite.  It  was  therefore  found  better 
to  add  the  nitrite  to  the  iodide  in  small  quantities  at  a  time  and  to 
get  the  reaction  over  before  adding  more  ;  in  this  way  no  fusible  silver 
compound  was  formed.  On  distilling  the  product,  a  mixture  of 
nitrite  of  propyl,  nitropropane,  and  propyl  iodide  was  obtained.  The 
nitrite  was  roughly  fractioned  off  and  the  residual  oil  treated  with 
successive  portions  of  silver  nitrite  until  perfectly  free  from  propyl 
iodide  ;  it  was  then  distilled  and  carefully  fractioned  a  number  of 
times.  It  boiled  at  130"5 — 131-5°  (corr.)  and  was  perfectly  colour- 
less. 

The  density  determinations  gave — 


d^„  1-0221, 

4 

10° 


tZ^°  1-0108, 

20° 
d'^,  1-0062, 


2n° 
d~  1-0023. 


The  magnetic  rotations  gave — 
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(i«V) 


/. 

8p.  rotiition. 

ilol.  rotiUiuii. 

20-0° 

0-7781 

3-M24 

20-0 

o-77r.3 

3-814 

18  5 

0-78 1-2 

3  819 

18-5 

0-7701 

3-823 

18-5 

0  •77f;3 

3-809 

18-5 

0-7801 

3-828 

18-5 

0-7791 

3-823 

20  0 

0  -77r.2 

3-814 

19  0 

0-7776 

3-827 

19-0 

0-7702 

3-782 

Average  18  '9 

0-7777 

3-819 

Chloropicrin. 

Thi"?  substance  was  first  dried  with,  phosplioric  anhydride,  and  then 
distilled  from  anhydrous  potassium  carbonate.  It  boiled  constantly 
at  112°  (corr.). 

The  density  determinations  gave — 


4° 
d~.  1-6855, 

4 

10° 


dji°  1-6670, 
d~  1-6594, 


<S  1-0528. 
20" 


The  maEfnetic  rotations  g-ave — 


t. 

Sp.  rotation. 

Mol.  rotation. 

15-6° 

0-9800 

5-376 

15-6 

0  -9804 

5-378 

15-6 

0-9N00 

5-376 

15  6 

0-9775 

5-363 

15-6 

0 -9810 

5-382 

9  0 

0-9905 

5  -399 

9-0 

0  -9887 

5-389 

9-0 

0-9905 

5-399 

9-0 

0  -9899 

5-395 

Averaoje  12-7 

0  -9843 

5  -384 

ATnmonia. 

a.  Aqueous  Solution. 

The  product  employed  contained  31  per  cent,  of  NH3,  and  therefore 
had  the  composition  NH3  +  2-10  mol.  OH2. 
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The  density  determinations  gave — 


<£.  0-8989, 
4 


dl^  0-8955, 
10° 


d]^°  0-8926. 
15 


The  magnetic  rotations  g-ave- 


t. 

Sp.  rotation. 

Mol.  rotation. 

9-5° 

11523 

3-916 

9-5 

1- 1-491 

3-905 

9-5 

1  -1489 

3-904 

9-5 

1-1516 

3-913 

9-5 

1-1499 

3  -  908 

10  0 

1-1518 

3-916 

9-5 

1-1527 

3-917 

9-5 

1-1506 

3-910 

9-5 

1  1473 

3-899 

Average     9 '5 

1  -1505 

3-910 

Less  OH.,,  21 

0  mol 

2-100 

NH, 

1  -810 

b.  Alcoholic  Solution. 

This  was  prepared  -with  absolute  alcohol  that  had  been  standing 
over  anhydrous  copper  sulphate  for  months.  It  was  then  decanted 
and  distilled.  The  solution  contained  14-48  per  cent,  of  NH3,  and 
therefore  had  the  composition  NH3  +  2-18  mol.  C2H6O.  It  was 
saturated  as  far  as  would  permit  of  its  use  with  safety,  and  began  to 
give  ofi  gas  at  about  15°. 

The  density  determinations  gave — 


dl^  0-7829, 
The  magnetic  rotations  gave — 


cZ^  0-7794. 


Average       9  0-9419 

Less  2-18  mol.  CoHgO  .... 


Sp.  rotation.       Mol.  rotation. 


0  -9404 
0-9385 
0-9459 
0-9417 
0-9429 


7  -872 
7-858 
7-920 
7-885 
7-895 


886 
060 


NH,  =  1-826 
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Eihylamine. 

Tliis  and  inost  vi  the  oilier  compouncl  ammonias  cxaniincd  were 
ol)taine(l  from  Kahlbaum. 

The  product  used  was  kept  over  freshly  fused  caustic  potash  some 
days  before  distillation.  When  fractioned,  it  mostly  came  over 
between  17'4  and  18'4'',  and  the  specimen  examined  had  tliis  boiling 
point.     The  density  determinations  gave — 


dj,  0-7013, 


10° 
d^,  0-G946, 


d]^  0-6892. 
15 


The  magnetic  rotations  gave — 


/. 

Sp.  rotation. 

Mol.  rotation. 

4-5° 

1  -0068 

3  -592 

4-5 

1  -oo-is 

3-585 

4-5 

1  0103 

3-605 

4-5 

1  -OKKJ 

3-006 

5-0 

1  0106 

3  -608 

50 

1  -0130 

3-617 

5  0 

1 -0180 

3-631 

4-5 

1-0122 

3  -611 

5  0 

1-0098 

3-605 

5-2 

1  -0125 

3-616 

5-4 

1  -0140 

3  -623 

5-4 

10116 

3-614 

8-6 

1  -0054 

3-610 

8-3 

1  -0023 

3-598 

8-6 

1-0067 

3-615 

9-3 

1-0057 

3-610 

Average     5  '8 

1  0097 

3-609 

Diethylamine. 

This  was  carefully  fractioned  several  times  ;  the  bulk  of  the  pi-o- 
duct  then  boiled  at  56 — 57"  (corr.),  which  appears  to  be  about  the 
true  boiling  point  of  this  base.     The  density  determinations  gave — 


tz|!  0-7226, 

10° 
^^o  0-7164, 


dgl  0-7028. 


d]-  0-7116, 
cZ^O!  0-7070, 
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The  ma-'Tietic  rotations  grave — 


t. 

Sp.  rotation. 

Mol.  rotation. 

5-4° 

5-4 

5-4 

5-4 

13-5 

14-0 

14-5 

1  -0095 
1  -0054 
1 -0P33 
1  -  0060 
0-9952 
0  -9923 
0-99G0 

5-682 
5-658 
5  -617 
5-662 
5-662 
5-649 
5 -074 

Average     9-1 

1  -0011 

5-662 

TrietJiyl  amine. 

The  specimen  employed  contained  a  litrle  diethylamine ;  it  was 
therefore  fractioned  several  times  from  sodium,  which  forms  a  com- 
pound with  this  base.  The  portion  selected  for  examination  boiled 
at    89 — 89-5°    (corr.),  mostly  at   89°.     The    density   determinations 


(ill  0-74-26, 

10" 
d~  0-7372, 


(^11°  0-7331, 

90° 
(^IM.  0-7294, 
20° 


d^  0-7257. 


Tlie  mag-netic  rotations  gfave- 


t. 

Sp.  rotation. 

JMol.  rotation. 

10-4° 

1-1151 

8-496 

10-3 

1  -1157 

8-499 

10-3 

1-1169 

8-508 

10-3 

1-1189 

8-523 

10-0 

1-1203 

8-532 

9-8 

1  -1194 

8-522 

9-6 

1  -1192 

8-518 

9-3 

11233 

8-547 

Average  10  0 

1  -1186 

8-518 

Propylmnine. 

The  specimen  examined  boiled  at  47'5 — 485°  (corr.). 
determinations  gave — 


The  density 
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d^   07330, 

4 

c7A^„  07268, 


jl|!  07222, 

d-y,,  07182, 
20" 


d§omu. 


The  magnetic  i-utations  (^nvc  — 


t. 

Sp.  rotation. 

Alol.  rotation. 

6-5° 

10110 

4-510 

5-5 

10161 

4-554 

50 

1  -01 00 

4-563 

5  0 

1-0176 

4-557 

5  0 

1 -0183 

4-560 

15  0 

1-0131 

4-507 

14-5 

1  -OOitt 

4  579 

15  0 

1  -0064. 

4  -568 

15-5 

1  -0050 

4  -563 

Average     9  "6 

1  0130 

4-564 

Dipropijlamine. 

After  beiug  distilled  two  or  three  times,  most  of  the  product  was 
obtained  boiling  between  109"4°  and  llU-4°.  The  density  deter- 
minations g-ave — 


dj  07524, 

10° 
d~  07471, 


d—^  0-7357. 
25 


d^^  0-7430, 

20° 
d^^  07393, 


The  maq-netic  rotations  "-ave- 


i. 

Sp.  rotation. 

Mol.  rotation. 

5-8 

1 -0087 

7-539 

5-8 

1-0051 

7-512 

5-8 

1  -0101 

7-550 

6-5 

1-0122 

7-571 

6-5 

1 -0101 

7-556 

15-0 

1 -0000 

7  "553 

16-2 

0  -9975 

7-558 

16-8 

0  -9960 

7  -553 

17-5 

0  -9968 

7-547 

Average 

10-7 

1  -0041 

7  -519 

VOL.    LV. 


3    C 
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Tripro2yiil(imine. 

To  obtain  this,  dipropylamine,  alcohol,  and  propyl  iodide  in  equa 
volumes  were  heated  in  a  sealed  tvibe  at  100^  for  two  or  three  hours. 
On  cooling,  the  product  solidified  to  a  crystalline  mass.  After  dis- 
tilling with  water  to  remove  alcohol  and  pi'opyl  iodide,  potash  was 
added,  and  the  volatile  bases  distilled  off  ;  these  when  dried  and  frac- 
tioued  gave  tripropylamine  boiling  at  155"5 — 156"5°.  This  was  again 
distilled  after  boiling  with  sodium  for  some  time,  which  attacks  any 
dipropylamine  present.  The  boiling  point,  however,  was  not  changed 
by  this  treatment.  The  iodide  of  tetrapropylammonium  which  was 
left  after  the  removal  of  the  volatile  bases  was  distilled,  the  mixture 
of  propyl  iodide  and  tripropylamine  thus  obtained  treated  with  hydro- 
chloric acid,  &c.  The  tripropylamine  obtained  in  this  way  boiled  at 
155 — 157°,  but  mostly  at  IbQ" ,  which  is  apparently  the  boiling  point 
of  this  base.     Romer  gives  it  as  144 — 146°  (Be?-.,  6,  1101). 

The  density  determinations  gave — 


d^^  0-7681, 
4 

d^o  0-7634, 


d^^  0-7539. 
25 


rflf!  0-7600, 
15 

20° 
<*|.  0-7567, 


The  magnetic  rotations  g-ave — 


/. 

Sp.  rotatiou. 

Mol.  rotation. 

10-9 

1  -1107 

11-631 

9  7 

1  -1238 

11-691 

9-0 

1-1252 

11-699 

9-2 

1  -12 1-7 

11  -696 

10  3 

1-1205 

11  -me 

10  3 

1  -1152 

11-610 

10-3 

1-1208 

11  -669 

10-3 

1  1194 

11  -654 

Average  10 -Q 

1-1208 

11  -664 

Isohutylamine. 

The  base  employed  boiled  between  about  67°  and  74°.  On  repeatedly     „ 
fractioning,  the  chief  part  was  found  to  come  over  at  68 — 69°  (corr.).     fl 


Hughes  and  Rcimer  (Ber.,  7,  511)  give  it  as  65-5 
be  too  low. 


this  is  believed  to 


I 
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Its  density  determinations  gave — 


69,5 


dj  07464, 

dtlL  0-7408, 
10° 


czJA°  0-7363, 

90° 

d'^JL  0-7322, 
20° 


ci—  0-7283. 
25 


The  macrnetie  rotations  crave — 


f- 

Sp.  rotation. 

Mol.  rotation. 

17-8 

]  •  (1820 

5  -099 

16-2 

1-0355 

5-711 

15  0 

1  •0341 

5  -697 

15  0 

1-03J1 

5  -096 

15-U 

1  -0350 

5-701 

15  5 

1  0313 

5-084 

14-5 

1  03  1-3 

5-694 

14-5 

1  -0284. 

5-661 

14-5 

1  0328 

5-684 

Average  15  3 

1  -0331 

5-692 

Isohut>jlamine  and  Water. 

Isobutylaraine,  when  mixed  with  water,  develops  heat.     The  mix- 
ture examined  consisted  of  equal  vols,  at  15°  of  each,  substance :  the 

15° 
density  of  the  mixture  was  for  d-—-  0-9002 :    this   shows  that  con- 
''  lo 

siderable  condensation  occurs  on  making  this  mixture,  the  average 

density  of  equal  vols,  of  isobutylaniine  and  water  being  as  follows  : — 

Isobutylamine  d-—^  0-7362 
■^  16 

Water 10000 


Average  density  .     0-8681 

The  molecular  composition  of  this  mixture  is  CiHuN"  +  SSlOHo. 
The  magnetic  rotations  gave — 


3  c  2 
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t. 

Sp.  rotation. 

Mol.  rotation. 

15° 
15 
15 
15 

15 

1  -0460 
1 -  0484 
1 -0402 
1  -0431 
1  -  0460 

11  -091 
11-116 
11  030 
11-060 
11-091 

Average     15 

Less  OHo  . . . 

1  -0447 

11  077 
5-510 

5-567 


Isohutijlamine  and  Alcoliol. 

These  substances  were  mixed  in  equal  volumes  measured  at  15°.  The 
composition  of  tlie   mixture  is  represented   by  CiHjiN  +  1-715  mol. 

CoHeO. 

The  density  determinations  gave — 

<iJA°  0791. 
lo 

The  average  density  of  equal  volumes  of  isobutylamine  and  alcohol 

at  15°  is — 

Alcohol  (spec,  used) 0-7948 

Isobutylamine 0-7357 

Average    0-7652 

This  shows  that  considerable  contraction  takes   place    on  mixing 
these  substances. 

The  magnetic  rotations  gave — 


t. 

Sp.  rotation. 

Mol.  rotation. 

15° 

0-9556 

10-364 

15 

0 

9541 

10-348 

15 

0 

9556 

10-364 

15 

0 

9548 

10-356 

15 

0 

9655 

10-418 

15 

0 

9587 

10-342 

15 

0 

9620 

10  -377 

15 

0 

9596 

10  351 

15 

0-9572 

10-326 

Average     15 

0-9581 

10-361 

Less  alcoliol . . 



4-768 

5-593 
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Diisohutylamine. 

This  product,  after  several  fractional  distiniiti(^iis,  was  obtaineil 
with  a  boiling  point  of  189 — 140°  (corr.).  Merz  and  Gasiorowski 
(Ber.,  17,  626)  give  it  as  135 — 137°.  The  original  substance  was 
very  good,  very  little  high  and  low  portions  being  separated  by  dis- 
tillation. 

The  density  determinations  gave — 


4°  0-7^77, 

10° 
d^^  0-7528, 


9  so 

(Zg.  0-7425. 


dg-I  0-7491, 

cZ^^„  0-7457, 
20° 


The  maernetic  i-otations  srave- 


/. 

Sp.  rotation. 

]\Iol.  rotation. 

10-3° 

1  -0409 

9 -909 

15-3 

1  -0442 

9-992 

15-0 

1  -0412 

9  -9(31 

15  0 

1-0385 

9-935 

16  0 

1  -0373 

9 -9.33 

15-5 

1  0334 

9  -891 

15  0 

1  -0382 

9-9.32 

14-5 

1  -0373 

9-918 

14-5 

1  -0378 

9  -924 

14-5 

1  -0349 

9  -895 

14-5 

1 -0401 

9  945 

Average  15  1 

1  -0385 

9-936 

Allylamine. 

The  specimen  used  came  over  mostly  at  53-2 — 54°,  It  was  frac- 
tioned  several  times,  and  the  specimen  selected  boiled  at  53-2 — 53-4 
(corr.).  The  boiling  point  given  by  Rinne  is  58°  {Annalen,  1G8 — 
262).     When  smelt,  it  causes  sneezing. 

The  density  determinations  gave — 


4° 

10" 
^g-o  0-7739, 


czl|-I  0-7688, 

90° 

'i^  0-7430, 


d-'^^  0-7583. 
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Rinne  gives  the  density  as  0*864  at  15°. 
Tbe  magnetic  rotations  o-ave — 


t. 

Sp.  rotation. 

Mol.  rotation. 

13-5° 

1  -3605 

5-593 

13-0 

1  -3642 

5-609 

13-0 

1-3615 

5-598 

13-0 

1  -3620 

5-599 

15-5 

1  -3520 

5-572 

15-5 

1  -3508 

5  567 

15-5 

1  -3545 

5-583 

15-5 

1  -3548 

5-584 

Ayerage  14-3 

1  -3575 

5-588 

Pentamethylenediamine,  NH2'CH2'CH3.CH2'CH3*CH2"NH2. 

The  product  examined   was   prepared   by  my  son  (W.  H.  P.).     It 
boiled  at  178 — 179°  (corr.).     Its  density  determinations  gave — 


d~  0-8939, 

4 

10° 
di^  0-8890, 
10° 


9  CO 

d^^  0-8792. 
25 


Tbe  masfnetic  rotations  g-ave- 


d—  0-8865, 


20° 


^99 


•    t. 

Sp.  rotation. 

Mol.  rotation. 

13° 

13 

13 

13 

13 

1-1710 
1-1697 
1-1731 
1  -1709 
1  -1768 

7  -  488 
7  -473 
7-495 
7  -481 
7-519 

Average     13 

1-1725 

7  -491 

As  I  had  some  quantity  of  this  substance  at  my  disposal,  and  it 
readily  absorbs  moisture,  it  was  carefully  fractioned.  The  chief  part 
of  the  product  boiled  at  178 — 180-5°  (corr.)  (a  little  of  that  which 
came  over  first,  and  which  probably  contained  a  small  quantity  of 
water,  being  collected  separately).  The  density  determinations 
gave — 
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CD  9 


rfj-,  0-8930, 
4 

dt}L  0-8881, 
10° 


d]^,  0-8840, 
15 

20° 
d^^,  0-8812, 


rf|!  0-8784. 


Ladenburgli  gives  its  boiling  point  as  175 — 178°,  and  its  density 

at    cPl  as  0-9174  (Ber.,  18,  2957). 

4 

The  mafrnetic  i-otatioiis  grave — 


t. 

8p.  rotation. 

Mol.  rotation. 

14-7° 
14-7 
14-7 
14-7 

1  1703 
1-1673 
1-1713 
1-1703 

7-496 
7-477 
7-503 

7-496 

Average  14*7 

1  -1698 

7  -493 

TLiis  refractioned  product,  therefore,  has  given  numbers  for  the 
molecular  I'otation  practically  identical  with  those  obtained  with  the 
original  product,  a  small  difference  being  observable  in  the  specific 
rotation,  which  is  a  little  lower.  The  influence  of  this  is  neutralised 
by  the  slight  change  in  the  density.  The  average  molecular  rotation 
is  7  492. 

Piperidine. 

The  specimen  of  this  base  used  in  the  investigation  boiled  at 
105-8 — lOG'S  (corr.).     The  density  determinations  gave — 


d^,  0-8758, 

10° 
d'^^  0-8704, 


dli°  0-8664, 
15 

d|il  0-8626, 


9  CO 

d^^  0-8591. 
2o 


The  magnetic  rotations  gave — 
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/. 

Sp.  rotation. 

Mol 

.  rotation. 

11-0 

1-0714 

5-826 

11-3 

1  -0076 

5-806 

11-3 

1  -0684 

5  811 

11  0 

1  -0670 

5-803 

16  0 

1  -0641 

5-805 

14-5 

1  -0686 

5-821 

14-5 

1-0659 

5-803 

14-0 

1 -06G5 

5-807 

Average  13  '0 

1  -0674 

5-SlO 

Piperidine  and  Water. 

Tliis  base  has  a  great  attraction  for  water.     The   proportions  nse<l 
were  molecular,  CgHuN  +  OH,.     The  density  determinations  gave — 


d%  0-9227, 

10° 
d^o  0-9173, 


d^  0-9133, 
15 

90° 

d^^  0-9097, 


4^  0-9063. 
25° 


The  magnetic  rotations  gave — 


f. 

Sp.  rotation. 

Mol 

.  rotation. 

16-0 

1 -0724 

6-724 

15  2 

1 -0709 

6-711 

15  3 

1  -0727 

6-722 

14-5 

1  0783 

6  753 

16-0 

1-0696 

6-707 

16-0 

1  -0732 

6-729 

Average  15  ■  5 


1  -0728 


6-724 
1-000 


r24 


JPyridine. 

The  specimen  nsed  was  obtained  from  Schnchardt.  When  kept 
with  freshly-fused  potassium  hydrate,  it  did  not  show  any  signs  of 
containing  water ;  after  several  fractional  distillations,  the  principal 
part  of  the  product  was  obtained  boiling  between  1162 — 116-7'^ 
(corr.).     The  density  determinations  gave-^ 
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d~„  0-9944, 
4 

10° 
rfigs  0-9894, 


d]X,  0-9855, 

20° 
d—^  0-981G, 


d?i°  0-9778. 
25 


The  nianfnetic  rotations  grave- 


/. 

Sp.  rotation. 

Mu 

.  rotivtion. 

10-5° 

1  -9734 

8-758 

10-8 

1  -9686 

8-738 

10-8 

1  -9731 

8  -708 

10-8 

1-9710 

8  -7t;2 

10-8 

1  -9682 

8  ■73(5 

14-5 

1  -9741 

8-789 

14-3 

1  -9724 

8-777 

13-0 

1-9723 

8-770 

Avci";ige  ]2'0 

1  -9720 

8-761 

Prupionitrile. 

This  was  well  dried  with  anhydrous  potassium  carbonate  and  then 
carefully  fi-actioned.  The  specimen  examined  boiled  at  98 — 98-5° 
(corr.).     The  density  determinations  gave^ 


f/^  0-7998, 
4' 

d^I  0-7941. 


tZ~  0-789G, 

20° 
c^l^,  0-7853, 


d%^  0-7815. 
25° 


The  mao-netic  rotations  cave — 


Sp.  rotation,    t   Mol.  rotation. 


10-5 

0-8641 

3-327 

10-5 

0  -8662 

3  -335 

11  0 

0  8668 

3  -339 

11-5 

0  8624 

3  -324 

12  0 

0-8612 

3-322 

16-0 

0-8624 

3-34.1 

16 -3 

0 -8588 

3  -328 

16-7 

0-8587 

3-329 

Average  13-06 

0  -8626 

3  -331 

(02 
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Trimetlujlene  Cyanide. 

Obtained  by  digesting  trimethjdene  bromide  with  cyanide  of  potas- 
sium and  alcohol.  The  portion  examined  boiled  at  285 — 287-4° 
(corr.).  Henry  gives  it  as  274°  {Bull  Ghem.  Soc,  43,  618).  The 
density  determinations  gave — 


4o  1-0031, 

dt}i  0-9984, 
10° 


d]^,  0-9952, 

90° 

df!L  0-9922, 


d^-o  0-9894. 
25° 


The  maernetic  rotations  srave — 


f. 

Sp.  rotation. 

Mo 

.  rotation. 

10-0 

0  -9850 

5-152 

10-5 

0 -9841 

5-149 

11-0 

0-9856 

5-160 

10-5 

0  -9801 

5-128 

10-5 

0-9786 

5-120 

10-5 

0  -9786 

5-120 

10-5 

0  -9792 

5-123 

Average  10-5 

0-9816 

5-136 

Mydrnchloric  Acid. 

The  strength  of  the  acids  examined  was  determined  by  titration, 
and  also  by  pi-ecipitation. 

Solution  I. — Saturated  at  about  20°.  It  contained  41-70  per 
cent,  of  HCl ;  its  composition  was,  therefore,  HCl  +  2-834  mol.  OH.. 

The  density  determinations  gave — 


(Z^  1-2154, 
4 


10° 
^^  1-2113, 


The  magnetic  rotations  gave — 


f 
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Tor, 


/.                  8p.  roliiliuii. 

.Mul.  rotation. 

16-5° 

10-5 

16-5 

16-5 

16-5 

19-8 

19-7 

1-7130 
1-7115 
1  -7123 
1-7113 
1-7112 
1-7110 
1-7113 

6-882 
6-876 
6-863 
6-875 
6  -887 
6-884 
6-885 

Arerage  17  3 

Less  OH., .... 

1-7117 

6  879 
2  -834 

4  -oi.!; 

Solution   II. — This   contained    36-5   per  cent,   of   HCl. 
position  was  therefore  HCl  +  S'ol  mol.  OH-^. 
The  density  determinations  gave — 


The   corn- 


er   1-1939, 
4 


cZJ|°  1-1866, 
15 


d^  1-1827. 


The  maernetic  i-otations  ffave — 


t. 

Sp.  rotation. 

Mol.  rotation. 

11-6° 

1  -6575 

7-724 

11-5 

1 -6590 

7-731 

11-5 

1-6581 

7-727 

11-5 

1 -6569 

7  -721 

11-5 

1 -6557 

7-716 

10-3 

1  -6613 

7-737 

30-3 

1 -6580 

7-722 

10-3 

1-0599 

7  -731 

10-3 

1  -6580 

7  -722 

Ayerage  11  0 

1  -6583 

7-725 

Less  3-351  mol.  OH., 


3  -510 


HCl  = 


4-215 


Solution  III. — This  contained  30-80  per  cent,  of  HCl  ;   its  composi- 
tion was,  therefore,  HCl  +  4-043  mol.  OH2. 
The  density  determinations  gave — 


dl|J  1-1582, 


4:  11548. 
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The  magnetic  rotations  gave— 


t. 

Sp.  rotation. 

Mol 

.  rotation. 

21  b^ 

21-5 

21-5 

21-5 

21-5 

1  -5554 
1  -5528 
1  -5577 
1-5580 
15572 

8-841 
8-826 

8-854 
8-856 
8-852 

Average  21  -5 

Less  OH2  .  . . 

1   5562 

8-846 
4-543 

4-303 

Solution  IV. — This  contained  25*6  per  cent,  of  HCl ;  its  composi- 
tion was,  therefore,  HCI  +  5-803  mol.  OHo. 
The  density  determinations  gave — 

.15^ 


cZ— ^  1-1288, 


d%  1-1260. 
25 


The  magnetic  rotations  gave — 


t. 

8p.  rotation. 

Mol.  rotation. 

21-0 

1  -1684 

10-319 

21  0 

1  -4706 

10-334 

21-0 

1  -4643 

10  -290 

21-0 

1  -4669 

10-306 

20-0 

1-4606 

10  -261 

20-0 

1-4643 

10-289 

20-0 

1-4599 

10  -257 

20-0 

1  -4643 

10  -288 

20-0 

1  -4721 

10-343 

rage  20-4 

1  -4657 

10  -298 

Less  OHo 

5  -893 

4-405 


Solution  V. — This  contained  15-63  per  cent,  of  HCl ;  its  composition 
was,  therefore,  HCl  +  10-856  mol.  OH2. 
The  density  determinations  gave — 


-1   CD  pEO 

cf±.  1-0771,  d~  1-0745. 

15  2o 

The  magnetic  rotations  gave^ 


I 
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16° 
16 
16 


Average     16 
Less  OHv 


Sp.  rotiitiou. 


1  -2748 
1  •27110 
1  -2761 


1-2766 


Mol.  rotiitioi 


15  -254 
15  -303 
15  -268 


15-275 

10-850 


4-419 


Hydrochloric  Acid  in  Isoamyl  (J.i:ide. 

This  contained  10-68  per  cent.  HCl ;  its  composition  was,  therefore, 
HCl  +  1-932  mol.  CioHwO.     The  density  determinations  gave — 


cz|°  0-8252, 


4fl  0-8159, 
15 


cig-o  0-8132. 


The  magfnetic  rotations  erave — 


20-0° 
19-5 
19-5 
19  5 
19-5 


Sp.  rotation. 


1-0223 
1  -0169 
1-0223 
1-0178 
1-0231 


Average  19  6  10205  23  783 

Less  C10H2.O,  11  -168  X  1  -932..      21  572 


Mol.  rotation. 


23-834 
23  -693 
23  -834 
23-715 
23  -839 


2-211 


The  above  soliTtion  was  cloudy  on  account  of  the  absorption  of  a 
small  quantity  of  water,  and  this  rendered  it  difficult  to  read  as  the 
light  was  obstructed.  A  second  solution  was  therefore  prepared, 
gi'eat  cai'e  being  used  to  prevent  the  presence  of  moisture.  It  was 
obtained  quite  clear,  and  contained  12-&2  per  cent,  of  hydrochloric 
acid,  the  composition  being  HCl  +  1-570  mol.  CjoHo^O. 

Its  density  determinations  gave  — 


10° 
d^^  0-8265, 
10° 


1.^° 
dl±.  0-8221. 
lo 


The  masrnetic  rotations  gave — 
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/. 

Sp.  rotation. 

Mol.  rotation. 

14 
14 
14 
14 
14 

1 -0338 
1  -0382 
1  -0352 
1-0352 
1  -0382 

19-754 
19  -838 
19-782 
19-782 
19  -838 

Average     1 4 

Less  Ci.jHooO 

1 -0361 
11-1G8  X  1-570  . 

19-799 
..      17-534 

Previous  No.  . 

2-265 
.  ..      2-211 

2  -S.SS 

Hijdrohrotnic  Acid. 

This  was  prepared  "bj  acting  on  amorpbous  phosphorus  with 
bromine  in  the  presence  of  water ;  the  gas  was  freed  from  bromine 
vapour  by  twice  washing  it  with  a  saturated  solution  of  hydrobromic 
acid  holding  amorphous  phosphorus  in  suspension. 

Solution  I,  fully  saturated  at  about  20°,  contained  65-59  per  cent, 
of  HBr;  its  composition  was,  therefore,  HBr  +  2-361  mol.  OH2. 
The  density  determinations  gave — 


4  1-7978, 


,15° 


1-7874. 


10'' 
d'^^  1-7919, 


The  magnetic  rotations  gave- 


t. 

Sp.  rotation. 

Mol.  rotation. 

16-5° 

2  -6154 

10  -017 

16-5 

2  -6134 

10-039 

16-5 

2-6123 

10  -036 

16-5 

2  6119 

10  -033 

16-5 

2  -6093 

10  -023 

19-5 

2 -0017 

10-006 

19-5 

2 -6058 

10  -022 

Average  17  '4 

2 -6100 

10  -030 

Less  OHo 

2  -361 

7-669 

Solution  II. — This   contained    56  per  cent.  HBr;  its  composition 
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was,  therefore,  HI3r  -j-  'Sooo  mol.  OHo.     The  density  determinations 
srave — 


d]^^  1-0117, 
The  mao-netic  rotations  gave — 

rf"?,  1-G004. 
2o 

/. 

Sp.  rut  lit  ion. 

Mol.  rotafi'Ui. 

22° 

22 

22 

22 

22 

2-3213 
2-320(J 
2-3202 
2-31!(;i 
2  -3213 

11  -597 
11  504 
11-591 
11-500 
11  -597 

Average     22 

Less  OH., 

2  -  3207 

11-504 
3  -533 

S-0(J1 

Solution  III. — This  contained  30-71  percent.  HBr;  its  composition 
was,  therefore,  HBr  +  6831  mol.  OH2-  The  density  determ^inations 
gave— 


d~l  1-3850, 
4 

Qtro 

d^^  1-378G, 

The  magnetic  rotations  gave — 

t. 

Sp.  rotation. 

^lol.  rotation. 

22-3° 

1  -8482 

15-224 

22-3 

1-8  1.30 

15-186 

21-0 

1  -SI-OS 

15  -247 

21  0 

1-8I(J2 

15  -224 

21  0 

1  -8523 

15-273 

21  0 

1  -8.534 

15  -276 

20  0 

1  -8510 

15-242 

20-0 

1 -8539 

15  -266 

20-0 

1-8549 

15  -275 

Average  21  0 

1 -8503 

15  -246 

Le*s  OH., 

6  831 

8-415 

Solution  IV. — This  contained  24'6  per  cent,  of  HBr ;  its  composition 
was,  therefore,  HBr  -|-  13-789  mol.  OHo.  The  density  determinations 
gave — 


ro8 
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di^o  1-2049,                          d^ 
The  magnetic  rotations  gave — 

I  1-2028. 

t. 

Sp.  rotation. 

Mol.  rotation. 

18° 
18 
18 
18 
18 

1  -4084 
1  -4728 
1-4721 
1  -4716 
1-4718 

22-261 
22-367 
22  -356 
22  349 
22-351 

Average     18 

Le«s  OHo  . . . 

1  -4713 

- 

22  -336 
13-789 

8-547 

Solution  V. — This  contained  15"47  per  cent,  of  HBr ;  its  composition 
was  therefoi'e,  HBr  +  24-580  mol.  OHo.  The  density  determinations 
ffave — 

ICO  950 

dlL  1-1172,  d^^  1-1149. 

The  magnetic  rotations  gave — 


t. 

Sp.  rotation. 

Mol.  rotation. 

16-5 
16-5 
16-5 

1  -2687 
1  -2716 
1-2731 

33  -036 
33-112 
33  -151 

Average  16  5 

1-2711 

33  -099 

Less  OHo 


24  -580 


8  519 


Hydriodic  Acid. 

Solution  I. — This  contained  67*02  per  cent.  HI ;  its  composition  was, 
therefore,  HI  -I-  3-498  mol.  OH2.  This  acid  was  freshly  prepared, 
colourless,  and  pure. 

The  density  determinations  gave — 


d%  1-9600, 

4° 

cZi^  1-9537, 
lU" 


til|°  1-9489, 

90° 
d%  1-9448, 


(Til  1-9414. 
2o 
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Less  Olio 


3  -498 


17-7t;9 
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t. 

Sp.  rotation. 

Mol.  rotation. 

22-5° 
22-0 
20  0 
20  0 

3  -9033 
3  -897 1 
3  -89 19 
3-9027 

21  242 
21-2SG 
21  -2  18 
21-291 

Average  211 

3 • 899G 

21  -2f;7 

Solution  II. — This  contained  65-1   per  cent.  HI;    its   compositiou 
was,  therefore,  HI  +  3-827  mol.  OHj. 
The  density  determinations  gave — 


4o  1-9182. 

4! 

10° 
^^o  1-9118, 


dl|:  1-9073, 

20° 
^^[Jo  1-9035, 


dg,  1-9003. 


The  man'netic  rotations  q-ave — 


t. 

Sp.  rotation. 

Mol.  rotation. 

16  -0° 
16-0 

17  0 
17-0 
16-5 

3-7713 
3  -  7833 

3-7802 
3-7791 
3  -7827 

21  -040 
21  -709 
21-712 
21  -705 
21-710 

Average  lG-5 

Less  OHo  . .  . . 

3-7793 

21  -695 
3-827 

17-SG8 

Solution  III.  —  This  contained  6197  per  cent.  HI;  its  composition 
was,  therefore,  HI  +  4-364  mol.  OHo. 
The  density  determinations  gave — 


czj  1-8349, 
diL  1-8280, 


d|4  1-8244, 

20° 


VOL.  LV. 
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The  magnetic  rotations  gave — 


;■. 

Sp.  rotation. 

Mol.  rotation. 

18-0^ 

17-5 

17-5 

17-5 

17-5 

3-5713 
3  -5768 
3-5713 
3-5681 
3  -5705 

22  -483 
22-514 
22  -479 
22  -459 
22-474 

Average  17-6 

3-5716 

22  -481 
4-364 

18-117 

Solution  IV. — Freshly  distilled,  colourless,  and  pure  ;  it  contained 
56"78  per  cent.  HI;  its  composition  -was,  therefore,  HI  -|-  5'413  mol. 
OHo. 

The  density  determinations  gave — 


d-,  1-7115, 

4 

10° 
d~  1-^059, 


15° 

15 

90° 
d^o  1-6988, 


df^,  1-6962. 


The  magnetic  rotations  gave- 


f. 

Sp.  rotation. 

Mol.  rotation. 

22-0° 

3 -2108 

23  -688 

21-0 

3 -2166 

2:V723 

21-0 

3-:il69 

23  -725 

22-0 

3  -2220 

23  -764 

21  0 

3-2134 

23-700 

21-5 

3  -2171 

23  -731 

22-0 

3-2137 

23-710 

22-0 

3-2203 

23-759 

22-0 

3  -2220 

23  -764 

21-0 

3  -2166 

23  -723 

21-5 

3  2171 

23  -731 

Average  21-5 

3-2170 

23  -721 

Less  OH..... 

5-413 

18  -308 

Solution  V. — This  contained  42-7  per   cent.;  its   composition  was, 
therefore,  HI  +  9-542  mol.  OHj. 


I 
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d]^l  1-4536, 

10° 

d^^  1-4507, 
The  maofnctic  rotations  t>-ave- 


20° 
^^Ijo  1-448  i, 

d^'^,  1-44G7. 


Average  15-2 
Less  OH., 


Sp.  i-otati 


Mol.  rotation. 


15  ■0'' 

2-4354 

27  -958 

14-5 

2  -43t;7 

27  -989 

14-5 

2  -4350 

27  -947 

14-0 

2  -4340 

27-930 

17-0 

2  -4326 

27-915 

16  0 

2  -43S5 

28  -U03 

15-5 

2  -4327 

27  -930 

2  -4350 


27  -945 
9-512 


is -4^)3 


Solution  VI. — This  coutainetl  31-77  per  ceut. ;   its  compositiou  \va.~ 
therefore,  HI  +  15-272  raoL  OH-,. 
The  density  determinations  gave — 


1  =i° 
The  magnetic  rotations  gave — 

,20 
20 

„  1-2962. 

t. 

Sp.  rotation. 

Mol.  rotation. 

17-0^ 
15  "5 
15-5 
15  -5 

1  -9544 
1  -9515 
1  -9500 
1  -9541. 

33  763 
33-702 
33-676 
33-752 

Average  15  -9 
Less  OHo. .  . . 

1  -9526 

. 

33  -723 
15-272 

18  -451 

Solution  VII. — This  contained  20-77  per  cent. ;  its  composition  was, 
therefore,  HI  +  27-128  mol.  OH,. 
The  density  determinations  gave — 


czl|-°  1-1770, 


rf^  1-1754. 
2o 
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The  maornctie  rotations  crave — 


t. 

Sp.  rotation. 

Mol.  rotation. 

23  -0" 

1  -5036 

45 ■ 539 

21-0 

1  5673 

45  -r.31 

20-5 

1  -5644 

45  -544 

20  0 

1-5614 

45-510 

20-0 

1  •5fi49 

45  -554 

20  0 

1 -5040 

45  554 

19-5 

1  -5653 

45  -562 

19-5 

1 -5642 

45-523 

Average  20  'At 

1-5650 

45  -  556 

Less  OH. 


27  12 


18-428 


Ammoniuni  Chloride. 

The  specimen  of  this  salt  used  was  recrjstallised  several  times  and 
then  dried  over  sulphuric  acid  in  a  vacuum. 

The  solution  used  contained  27"0H  per  cent.  o£  salt,  and  therefore 
had  the  composition  NHjCl  +  8OH3  as  nearly  as  possible.  This 
solution  was  a  supersaturated  one,  and  although  its  tendency  to 
crystallise  was  very  inconvenient,  especially  in  determining  the 
density,  it  was  thought  better  to  put  up  with  that  than  work  with  a 
weaker  solution. 

The  density  determinations  gave — 


^1|!  1-0787, 


90^ 
''if  l-«^8-^- 


€'  '"'''■ 


The  mag-netic  rotations  s"five- 


'■ 

Sp.  rotation. 

Mol.  rotation. 

25  0" 

1  -3851 

14-108 

22  0 

1  -3861 

14-108 

22  C 

1  -3846 

14  -090 

21  0 

1   3S4v! 

14-089 

20  0 

1  -3S32 

14  076 

20-0 

1  •  3865 

14  109 

20  0 

1  -3850 

14 -(195 

200 

1  3850 

14  095 

Aveiage 

21-2 

1  3850 

14  -096 

Less  8  mol 

0 

[I 

8  -000 

NH4n  = 


6  -096 


( 
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Attempts  were  made  to  determine  the  molecular  weip^lit  of  tliis 
subsiance  by  llaoull's  process  with  acetic  acid,  but  it  was  fuuud  tu  be 
insutiiciently  soluble  iu  acetic  acid. 

Elhijlamine  Hydrochloride. 

A  nearly  saturated  solution  of  this  salt  was  made  and  its  strength 
found  by  determining  the  chlorine  several  times.  It  contained  0(J".^)H 
per  cent,  of  EtH;N,lICl,  and  therefore  had  the  composition 
EtH2N,HCl  +  2-946  mol.  OH,. 

The  density  determinations  gave — 


d^^,  1-0535, 
The  magnetic  rotations  gave- 


20° 
rf— ,  1-0505. 

•10° 


t. 

Sp.  rotation. 

Mol.  rotation. 

no" 

1-5439 

10  -966 

17-0 

1-54U1 

10  -939 

16  0 

1  -6393 

10  -929 

16-0 

1  -5 101 

10  934 

15-8 

1-5350 

10-989 

15-8 

1-5381 

10-9:^0 

15-7 

1  -5101 

10-934 

15-7 

1-5401 

10  -934 

Average  16  1 

1  -5396 

10 -943 

Less  2  -946  mol.  OH., 


2  946 


7-997 


A  determination  of  the  molecular  weight  of  this  sub.stance  by 
Raoult's  process  in  glacial  acetic  acid  gave  llo-l.  Theory  requires  bl'.'i. 
This  is  high  ;  the  solution,  however,  was  rather  strong,  1-807  of  salt 
in  100  of  acid :  this  may  have  had  a  little  to  do  with  this  result,  but 
probably  dissociation  was  the  chief  cause. 


Dietliylainine  Hydrochloride. 

A  very  nearly  saturated  solution  of  this  salt  was  prepared. 
Clilorine  determinations  showed  that  it  contained  6158  per  cent. 
The  solution  therefore  had  the  composition  Et2HN,HCl  +  3-79  mol. 
OH2. 

The  density  determinations  gave — 


10° 
^^  1-0198, 


90° 

cf^-  101G4. 
20° 
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The  magnetic  rotations  gave — 


t. 

Sp.  rotation. 

Mol.  rotation. 

15° 

1-4113 

13  -094 

15 

1-4125 

13-705 

15 

1  -4125 

13  -705 

15 

1-4116 

13-697 

15 

1  -4100 

13  -682 

15 

1-4063 

13  -646 

15 

1  -4085 

13-667 

15 

1  -4071 

13  694 

Average     15 

1  -4100 

13-686 

Less  3'97  mol 

OHo 

3-790 

9-896 

A  detei-mination  of  the  molecular  weight  of  this  salt  by  Raoult's 
process  with  acetic  acid  gave  139-9.  Theory  requires  109-5.  This  as 
in  the  case  of  the  ethjlamine  salt  is  high.  The  proportions  used  were 
1-072  of  salt  to  100  of  acid. 

Solution  of  Diet hylamine  Hydrochloride  in  Ahsolute  Alcohol. 

The  salt  used,  which  was  dried  by  fusion  and  heated  until  it  boiled, 

15° 

was  dissolved  while  hot  in  alcohol  of  d — ^  0-/947.     The  solution  was 

very  nearly  saturated  at  the  ordinary  temperature.      The  strength 
was  known  from  the  amount  of  salt  used,  and  afterwards  checked  by 
chlorine  estimations.     The  solution  contained  22-63  per  cent,  of  salt, 
and  had  the  composition  (C3H5)2HN,HC1  +  8-138  mol.  C^HeO. 
The  density  determinations  gave — 


d^^,  0-8417, 

9  CO 

d~  0-8361. 

The  magnetic  rotations  s^ave — 

t. 

Sp.  rotation. 

Mol.  rotation. 

17  O" 

1-0117 

32-356 

17-0 

1-0161 

32  -497 

18-0 

1  0132 

32  -424 

18-0 

1-0118 

32  -376 

18-0 

1 -0103 

32  -339 

Average  17  -6 

Less  alcohol  2 

1-0126 
-780  X  8-138.. 

32-298 
..      22-624 

nfi7l- 
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Triethylamine  Hydruch lar'ule. 

A  nearly  saturated  solution  of  tliis  compound  was  found  to  contain 
•  >1  '2iQ  per  cent,  of  the  pure  salt.  Its  composition  calculated  from  this 
is  represented  as  Et3N,HCl  +  5-75  niol.  OH3. 

The  density  determinations  gave — 


d^,  1-0202, 
15 


d\^^  1-0167. 
2o 


The  magnetic  rotations  srave- 


90° 
20° 


t. 

Sp.  rotation. 

Mol.  rotation. 

16'' 

1  -3285 

17  -441 

16 

1  -3317 

17-485 

16 

1  -3328 

17 -498 

16 

1  -3351 

17-528 

16 

1  -3319 

17-487 

16 

1  -3326 

17-496 

16 

1  -3331 

17-503 

16 

1  -3318 

17-473 

Average 

16 

1  -3322 

17  -489 
5  -750 

11  -739 

Tetretliylamraonium  Chloride. 

The  solution  employed  was  somewhat  supei'saturated  and  deposited 
very  large  transparent  crystals  in  cold  weather.  Chlorine  determina- 
tions showed  that  it  contained  55-62  per  cent,  of  the  salt;  it  would 
therefore  have  the  composition  Et4N,Cl  +  7-333  mol.  OH^. 

The  density  determinations  gave — 


<C  1-0358, 


1  CO 

d^'^,  1-0323, 
lo 


d||,  1-0285. 


The  magnetic  rotations  gave- 
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t. 

Sp.  rotation. 

Mol.  rotation. 

15-3 

1  -3069 

20-926 

15-3 

1  -3084 

20  -951 

15  2 

1  -3094 

21  -016 

15-2 

13120 

21-008 

18-0 

1  -3068 

20  -950 

18-0 

1-3' •39 

20  -902 

18  0 

1  -3068 

20-950 

18-0 

1  -3072 

20  -955 

Average  16  "6 

1-3076 

20  -957 

Less  7  -333  mol   OH.j 
Et^    ,Cl  = 


7  333 


13  -624 


Piperidine  Hydrochloride. 

The  strongest  solution  whicli  could  be  conveniently  used  contained 
52'7  per  cent,  of  this  hydrochloride,  and  had  the  composition 
aH„N,HCl  +  6-055  mol.  OH^. 

The  density  determinations  gave — 


d~  1-0716, 


d||°  1-0677, 


d— ,  1-0647. 


The  magnetic  rotations  gave — 


t. 

Sp.  rotation. 

Mol.  rotation. 

12  o 

12  o 

13  0 
13-5 
14-0 

1  -3436 
1  3430 
1 -3430 
l-3il3 
1-3412 

16  -097 
16  090 
16  097 
16  080 
16  -080 

Average  13-1 
Less  OH.i  . . . 

1 • 3424 

16  -089 
6  055 

CjHiiN.HCl  = 

10-034 

Ammonium  Bromide. 

Two  solutions  containing  different  quantities  of  this  salt  were 
examined.  The  strength  of  the  solutions  was  found  by  bromine 
determinations. 
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Solution  I. — This  contained  40-423  per  cc-nt.  of  suit ;   its  composition 
was,  therefore,  NH.Br  +  80-24  niol.  OH,. 
The  density  dctcrniinatioiis  gave — 


d"^,  1-2867, 


d:±  1-2794. 


The  magnetic  rotations  gave — 


d]^^  1-2816, 

10 


t. 

Sp.  rotation. 

Mol.  roluliou. 

20-0° 
20-0 
20-0 
20-0 

l-72!ll 
1  -7:3:32 
1  -72.58 
1  -7252 

18-103 
18-2:33 
18-156 
18-149 

Average  20  0 

1-7283 

18-183 
8-024 

Nir.Er  =   ... 

.  .      1O-150 

Solution  J/.— This  contained  25  per  cent,  of  salt ;  its  c  imposition 
was,  therefore,  NHiBr  +  16-389  mol.  OH^. 
The  density  determinations  gave — 


15" 
d^^  11586, 
15 


tS  1  1574. 


The  mas:netic  rotations  crave — 


t. 

Sp.  rotation. 

^lol.  rotation. 

22-0" 

1  -41:35 

26  -504 

22-0 

1  -4162 

26  -657 

22-0 

1-41  17 

26-629 

16-5 

1-4015 

26  -406 

10-5 

1-1U75 

26  -462 

lG-5 

1  -4071 

26-454 

Average  10  -2 

1 -4106 

26  -535 

Less  OHo . . . 

16 -339 

10-196 
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Amvioniam  Iodide. 

This  salt  was  purified  by  recrystallisation  from  alcohol,  and  in  this 
way  was  obtained  quite  white.  It  was  dried  in  a  vacuum.  The 
strength  of  the  solution  used  was  found  from  iodine  determinations, 
made  by  precipitation  with  silver  nitrate.  In  the  first  preparation,  the 
solution  was  filtered  through  paper,  bat  it  was  found  that  this  caused 
it  to  turn  brown  very  rapidly,  and  made  the  readings  of  the 
niMgnetic  rotations  very  difficult.  It  is  much  better,  therefore,  not  to 
filter  the  solution,  but  to  decant  it  if  necessary. 

Solution  I. — This  contained  60"44  per  cent,  salt  =  NH4I  +  5'273 
mol.  OH.,. 

The  density  determinations  gave — 


dfo  1-6021, 


dg;  1-9525. 


rfl|-°  1-5961, 


The  magnetic  rotations  g-ave — 


NH.I  = 


t. 

Sp.  rotation. 

Mol.  rotation. 

20-5° 
21-5 
21  5 
21-5 

3  -0124 
3-0115 
3-0145 
3-0175 

25  -193 
25-191 
25-217 
25-235 

Average  21-2 

Less  OH.    . . 

3  0140 

25  -209 
5-273 

19-936 


Solution  II. — 'This  contained  58-46  per  cent,  of  ammonium  iodide ; 
its  composition  was,  therefore,  NHJ  +  5-722  mol.  OH2. 
The  density  determinations  gave — 


d^^o  1-5727, 


9  CO 

&  1-5665. 
25° 


d^^o  1-5701, 


The  magnetic  rotations  gave — 
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t. 

Sp.  rotation. 

Mol.  rotation. 

14-5° 

14-5 

15-0 

15-0 

20-0 

18-0 

2  •'.1277 
2  -9340 
2  9115 
2  9  175 
2-9331 
2  -9301 

25  -088 
25  -743 
25-812 
25  -804 
25  -747 
25-733 

Average  16  1 

2  -9356 

25  -754 

Less  OHo 
NH4I  =  . 


20  -032 


Solution  III. — This  contained  5464' of   salt;    its  conijjositiou  was, 
therefore,  NH4I  +  6-085  mol.  OH^. 
The  density  determinations  gave — 


(il|°  1-5122, 


dg  1-5090. 


Tlie  macfnetic  rotations  crave- 


t. 

Sp.  rotation. 

Mol.  rotation. 

20-0° 

2  -7332 

26  -t;72 

20-0 

2-7317 

2(J  -657 

20  0 

2  -7332 

2(i-(i71 

20-0 

2  -7333 

26  -6S6 

20  0 

2  -7204 

26  -G21 

20-0 

2-7334 

26  -674 

20-0 

2  -7274 

26  -615 

Average  20-0 

2-7312 

26-656 

6-685 

NILI  = 

. .      19  -971 

Solation  IV. — This  contained  30'5  per  cent,  of  salt ;  its  compo.-sitiuu 
was,  therefore,  NH4I  +  ]  8-333  mol.  OH^. 
The  density  determinations  gave — 


1  '^° 
d^^  1-2351, 
15 


9  CO 

d—  1-2334. 
25" 


The  magnetic  rotations  gavt 
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/. 

Sp.  roti\tion. 

Mol.  rotation. 

21  0 

21  0 

22  0 
21-5 
22-0 

1  -7949 
1  -7977 
1  -7896 
1 -7909 
1  -7905 

38-405 
38  -465 
38-323 
38  -394 
38  -323 

Average  21-5 

Less  OH2  . .  . 

1  -7927 

38  -382 
.        18-333 

20  -049 

Results  of  the  Four  Solutions. 

Solution    I.  60-44  per  cent 19-936 

II.  58-46       „        2U-032 

III.  54-64       „        19-971 

IV.  30-5         „        2U-049 

Average 19-997 

Solution  of  Ammonium  Iodide  in  Absolute  Alcohol. 

The  iodide  of  ammonium  was  well  dried  at  100",  and  then  hoiled 

and  kept  with  absolute  alcohol  some  days;  this  was  poured  off  and 

the  salt  twice  more  boiled  with  fresh  quantities  of  absolute  alcohol, 

the  third  solution  being  kept  for  use.    The  alcohol  used  had  a  density 

15° 
o(  d 0-7947°.     The  streng-th  of  the  solution  was  found  by  iodine 

15° 

determinations;    it  contained    21-10   per  cent,    of   salt,  and  had  the 
composition  NH4I  -|-  11-782  mol.  C.;H60. 
The  density  determinations  gave — 

ji^  0-9460,  d^,  0-9421. 

10°  '  15 

The  magnetic  rotations  gave — 


t. 

Sp.  rotation. 

Mol.  rotation. 

17-0° 
16  0 
16  0 
15-0 
15-0 

1 -2790 
1 -2848 
1  -2834 
1  -2848 
1-2863 

51-561 
51  -762 
51-702 
51  -730 
51  -788 

rage  15  8 

1  -2836 

51 -709 

Less  alcohol,  2  -780  x  11  -782  =      32  -754 


18  -955 
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Ammonium  Nitrate. 

The  aqneous  solution  used  contained   59'7  per  cent,    of  tliis  salt 
its  composition  was,  thorel'oi-o,  NH4NO3  -|-  oOH^. 
The  density  detcnui nations  gave — 


(K  1  2864, 
6° 


d\^  1-2814, 

Li) 


d^  1-27764. 


The  masrnetic  rotations  crave — 


t. 

Sp.  rotation. 

Mo 

.  rotation. 

16-0 
160 
16-0 
16  0 
15-0 
15  0 

0-9147 
0  -9191 
0-9172 
0-9176 
0-9127 
0  -9130 

5-315 
5  -341 
5-329 
5  -332 
5-302 
5-304 

Average  15 '6 

LessSOHo    .. 

0-9157 

5-320 
3  -000 

-320 


Acid  Sulphate  of  Aminnnium. 

The  solution  of  tliis  salt  used  was  slightly  supersaturated;  it  con- 
tained 66-67  per  cent,  of  salt,  and  had  the  composition  NHjHSOi  + 
:!-l'.>3  raol.  OHo. 

The  density  determinations  gave — 


1  CO 

d\%  1-4429, 
lo 

The  magnetic  rotations  gave — 

25° 

1-4387. 

t. 

Sp.  rotation. 

Mo] 

.  rotation. 

18-0 
17-0 
17-0 
15-0 
15-0 

1  0000 
1  -0061 

0  -9956 

1  0061 
1  -0000 

6  -647 
6-656 
6-615 
6  -664 
6  -658 

Averane  16  -4 

Less  OH2    . .  . 

1 -0016 

6-648 
3  193 

NH4HS04  = 

3  -405 
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Ammonmm  Sidphate. 

An  aqueous  solution  containing 40"00  percent,  of  this  salt  was  used: 
its  composition  -was,  therefore,  (NH4)2SOi  +  llOHo. 
The  density  determinations  gave — 


czj-^l  1-2308, 

44:  1-2286. 

-1  to 

d^^  1-2296, 
15 

The  magnetic  rotations  gave — 

t. 

Sp.  rotation. 

Mol.  rotation. 

16-0 

1  -0740 

16-016 

14 -5 

1  0721 

15  -984 

11-5 

1  -0704 

16  -023 

10-5 

1 -0743 

16  -005 

23  0 

1  -0090 

]5-952 

23-0 

1  -0690 

15-952 

23  0 

1  -0695 

15  -958 

23  0 

1  -0685 

15  -945 

18  0 

1  0721 

15  -988 

Average  18  "OS 
Less  IIOH2  . . 

10715 

15-980 
11  -000 

4-980 

Observations  on  the  Nitrates,  Nilro-compouncls,  and  Nitrites. 

On  placing  the  boiling  points  of  the  nitrates,  nitro-compounds,  and 
ni;  rites  side  by  side,  the  differences  between  them  are  seen  to  be  very 
remarkable,  thus  the  nitrates,  which  are  the  more  highly  oxygenated 
compounds,  do  not  boil  at  so  high  a  temperature  as  the  niti-o-com- 
pounds,  whilst  the  nitrites,  which  are  isomeric  with  the  latter,  are 
extremely  volatile  :  thus — 

B.  p.  B.  p. 

Nitro-compounds. .  . .    CH^-NOo. .  .  .  10L°         C,H,-NO,. .  .  .  114-5" 
Nitrates CH,-0-NOo. .    65°         a.Hs'O-NO.,. .    B/'i" 


Difference 30^ 


27'^ 


B.p. 
Nitro-compounds.  CaH^'NOj. .  .  .  loI° 
Nitrates CaH/O-NO^. .  1105'^ 


Difference 


20-5'= 


B.p. 

(CH3)2C,H,-N02  ..140" 

(CH3),CoH3-0-N02..r24° 

16 


i 
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B.  p.  B.  p. 

Nitro-compouiuls CH,-NO, lUl '  C.Hj-NOj 114-5° 

Nitrites CHa-O-NO  . .  Gas  CzHft-O-NO  ..17° 


DiiTcrence. .  more  than  101"         97'5° 

B.  p.  J],  p. 

Nitro-compounds    CH-NOo .  . .  131°         (CH3),C,Ha-N02    ..140" 
Nitrites CaH/O-NO. .    44°         (CKOsC.Ha-O-NO. .    (]7r>" 


Difference     87° 


It  is  also  worth  noticing'  that  in  the  lower  merahers  of  the  series 
the  difference  between  the  boiling  points  is  greatest;  thus  in  the 
comparison  of  the  nitrites  and  nitro-compounds  methyl  nitrite  is  a 
gas,  whilst  the  nitro-compound  boils  at  101°;  with  the  ethyl-com- 
pounds the  diff.  is  97'.5°,  in  the  propyl  82'*,  and  in  the  isobntyl  725°. 
The  same  thing  is  seen  when  comparing  the  nitrates  and  nitro-com- 
})ouuds. 

The  densities  do  not  vary  in  the  same  order  as  the  boiling  points, 
those  of  the  nitrates  being  the  highest.  The  nitrites,  however,  are 
considerably  lower  than  the  nitro-compounds  :  thus — 

Ethyl  nitrate d]^^  1-1159 

''  15° 

Nitro-ethane „     1-0561 

Ethyl  nitrite d-  0-920 

J  0° 

Isobutyl  nitrate     rZ^,  1-03.34 

•'  4" 

Nitro-isobntaue    0°  1-0083 

Isobutyl  nitrite     rff^  0-8878 

The  boiling  points  and  densities  of  nitro-compounds  being  so  very 
much  higher  than  those  of  nitrites,  made  it  desirable  to  determine 
the  molecular  weight  of  a  nitro-compound  at  a  lower  temperature 
than  had  been  previously  employed  ;  Raoult's  method  was  therefore 
used.  The  experiment  was  made  with  glacial  acetic  acid,  1250  parts 
of  nitroethane  being  added  to  the  100  parts  of  acid,  the  result  obtained 
for  the  molecular  weight  was  80,  the  theoretical  number  being  75. 
therefore,  notwithstanding  the  above  peculiarities,  when  in  the  liquid 
state  nitroethane  has  the  same  molecular  weight  as  that  found  by 
Victor  Meyer  for  its  vapour. 
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Nitric  Acid. 

The  specific  magnetic  rotation  of  tliis  substance  is  very  low,  only  a 
little  more  than  half  that  of  water.  The  small  amount  of  Avater  in 
the  specimen  examined  would,  if  anything,  slightly  reduce  the 
rotation,  as  will  be  seen  farther  on,  but  the  maximum  effect  it  wonld 
]) reduce  could  not  be  more  than  0'00-4  on  the  molecular  rotation,  it 
may  therefore  be  disregarded. 

Hydrafed  Nitric  Acid. 

The  acid  examined  contained  56' 74  HoNOs,  and  had  the  composition 
HO-NO,  +  2-670  mol.  OH^.  The  effect  of  the  water  is  to  reduce  the 
rotation,  thus — 

HO-NO,  +  2-670  OH,.  =  3-656 
less  2-670  OH,  =  2-670 


HO-NO,  =  0-986 
Pure  HO-NO,  gave  I'lSO 

Difference  =  reduction  =  0-194 

It  therefore  appears  that  combination  takes  place  as  in  the  case  of 
sulphuric  acid  {Jour.  Cliem.  Soc,  1886,  49,  783).  This  contraction, 
however,  is  not  quite  so  large  as  would  be  expected  from  the  union  of 
1  mol.  of  water  with  the  acid,  and  it  is  very  probable  that  for  the 
existence  of  H>N04  a  larger  percentage  of  water  may  have  to  be 
present  than  in  the  acid  examined,  as  in  the  case  of  sulphuric  acid, 
which  apparently  requires  at  least  3  mols.  of  water  to  be  added  to 
H2SO4  for  the  conversion  of  all  the  acid  into  (H0)4S0.  The  cal- 
culated molecular  rotation  for  H,N04  would  be  about  1-930;  the 
above  result  makes  it  1-986.  The  existence  of  such  a  compound  as 
(H0)3N!0  cannot  be  regarded  as  improbable,  as  we  have  an  analogous 
compound  in  the  case  of  orthophosphoric  acid,  (H0)3P!0,  and,  more- 
over, there  are  several  salts  which  correspond  to  (H0)3N!0,  as — 

Trimercuric  nitrate,  Hg3"N208, 
Tricupric  nitrate,  Cu3"N208, 
Triplumbic  nitrate,  Pb3"N208, 

though  there  are  no  nitrates  of  the  alkali  metals  of  this  type  corre- 
sponding to  the  alkaline  ortho-phosphates. 

Nitric  Ethers. 
When  nitric  acid  is  converted  into  a  nitric  ether  the  change  which 
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takes  place  in  tlie  "rotation  is  very  similar  to  that  of  the  acids  of  the 
fatty  series  and  shows  contraction,  the  increase  of  the  rotation  by  the 
alcohol  radical  not  being  equal  to  that  required  for  change  of  compo- 
sition. The  best  compounds  to  compare  nitric  acid  and  its  ethers 
with  are  perhaps  formic  acid  and  its  ethers,  as  formic  acid  contains  the 
smallest  amount  of  carbon.  By  subtracting  the  molecular  rotation 
of  the  acids  from  the  rotation  of  the  ether,  the  diiference  obtained 
for  the  changes  of  composition  can  easily  be  compared — 


Nitrate  of  methyl 
Nitric  acid 


Difference  for  CHj.  .  .  . 
Ordinary  value  for  CH. 


Nitrate  of  ethyl 
Nitric  acid  . .  . . 


2-057 
1180 

0-877 
1023 

3-084 
1-180 


Formate  of  methyl  . .  .      2-495 
Formic  acid 1-671 


I)iff(!rcnce  for  CH, 0-824 

Ordinary  value  for  CH,  1-023 

Formate  of  ethyl    ....  3-564 

Formic  acid     1671 


Diiference  for  C2H4     . . 
Ordinary  value  for  C2H4 


Nitrate  of  propyl. 
Nitric  acid   . .  . .  , 


1-904 
2-046 

4-085 
1-180 


Difference  for  CjHi    . .      1-893 
Ordinary  value  for  C2H4    2-046 


Formate  of  propyl. 
Formic  acid    


4-534 
1-671 


Difference  for  CsHg. .  . . 
Ordinary  value  for  CsHe 


2-905 
3-069 


Difference  for  CiHg    . . 
Ordinary  value  for  CsHe 


2-863 
3-069 


From  these  comparisons  we  see  how  similar  the  behaviour  of  nitric 
acid  is  to  that  of  formic  acid.  If  acetic  acid,  and  its  ethers  had  been 
taken  for  comparison,  nearly  the  same  amount  of  agreement  would 
have  heen  observed,  so  that  nitric  acid  may  be  said  to  behave  in  a 
manner  similar  to  a  fatty  acid  in  respect  to  its  formation  of  ethers. 

The  only  other  oxygenated  inorganic  acid  which  has  been  examined, 
is  sulphuric  acid,  and  this  also  behaves  like  the  fatty  acids  in  reference 
to  its  methyl  ether — the  only  ether  yet  examined  {Jour.  Chem.  Soc, 
1886,  49,  785)— thus  :— 

Mol.  rotation. 

Sulphate  of  methyl 4-013 

Sulphuric  acid 2'315 


2)  1-698 


CHa 0-849 

Ordinary  value  for  CH, 1-023 


VOL.    LV. 
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Ethjlene  Nitrate.     Nltroglycol,  CaHiCO-XO.)^. 

The  density  of  this  substance  is  higher  than  that  of  ethyl  nitrate, 

15° 
as  might  be  expected ;  the  difference  at  15°  is   0"3801    for  d—-  ;  its 

15 

specific  rotation  is  slightly  lower.     The  following  comparison  shows 

the  variation  between  their  molecular  rotations  : — 

Ethylene  nitrate    3*768 

Ethyl  nitrate 3-084 


Difference  for  displacement  of  H  by  -0"2^<^q      0'684 


Nitroglycerin,  C3H5(0-N02)3. 

The  sp.  gr.  differs  from  that  of  propyl  nitrate  at  15°  by  0"5378  for 

15° 
d —  .     The  relationship   of  the  molecular  rotation  of  this  compound 
15 

to  a  mono-  and  di-nitrate  will  be  best  seen  if  the  rotation  of  dinitro- 

trimethylene  be  calculated  from  that  of  dinitroethylene,  and  used  with 

propyl  nitrate  for  comparison — 

Diff. 

Proplyl  nitrate ^^^^\c)-CRAi 

Trimethylene  nitrate  (calc.)  4"769< 

Nitroglycerin    5-407}^"^3^ 

From  this  we  see  that  the  introduction  of  the  second  NO3  has  not 
produced  quite  such  a  large  increase  in  the  rotation  as  the  first. 
This  is  strictly  in  accordance  with  displacements  by  hydroxyl  (Jour. 
Chem.  Soc,  1884,  45,  559),  where  the  influence  on  the  rotation 
gradually  diminishes  with  the  introduction  of  successive  groups,  so 
that  the  behaviour  of  these  compounds  is  normal,  and  the  results  agree 
with  the  constitution  usually  assigned  to  them.  Had.  nitroglycerin 
contained  its  nitrogen  in  any  other  combination  of  oxygen  than  as 

—  0'N<^,  J,    as    it   might   if    its    constitution   were   represented   as 

C3H2(N"02)3(OH)3,  the  rotation  when  compared  with  that  of  propyl 
nitrate  would  be  abnormal. 

In  the  case  of  isobntyl  nitrate,  the  influence  of  the  iso-gi'oup  is 
found  to  assert  itself.  This  may  be  seen  by  comparing  it  with  the 
calculated  rotation  of  the  normal  nitrate : — 

Butyl  nitrate  (iso)     5-180 

Butyl  niti'ate  (normal) 5*108 


Difference  for  iso-group  . .      0"072 
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This  difference  is  somewhat  less  than  that  usually  obtained.  Thus 
in  the  case  of  the  alcohols  it  is  about  0"144,  and  for  paraffins, 
aldehydes,  and  ethers  about  0'112  (Jour.  Chem.  Soc,  1884,  45, 
550—551). 

Kitntes. 

The  only  compound  of  this  class  examined  is  isobutyl  nitrite.* 
This  was  selected  as  being  more  stable  and  less  volatile  than  the 
lower  numbers  of  the  series.  The  nitrogen  of  this  substance  being 
united  to  the  hydrocarbon  radical  by  oxygen  as  in  a  nitrate,  it  may 
be  considered  in  relation  to  isobutyl  nitrate,  thus — ■ 

Mol.  rotation. 

Isobutyl  nitrite 5"510 

Isobutyl  nitrate 5*180 


Difference  +  0-330 

The  fact  that  isobutyl  nitrite,  although  containing  less  oxygen  than 
isobutyl  nitrate,  and  consequently  of  a  smaller  molecular  weight,  has 
a  higher  molecular  rotation,  is  very  interesting,  as  showing  that 
nitrogen  when  in  an  unsaturated  condition  affects  the  rotation  of  a 
substance  in  a  similar  manner  to  unsaturated  carbon,  by  considerably 
increasing  it  (Jour.  Chem.  Soc,  1884,  45,  561).  This  point  will  be 
referred  to  again  further  on. 

One  of  the  reasons  why  nitrites  have  a  much  lower  boiling  point 
than  nitrates  may  be  due  to  their  being  unsaturated  compounds, 
because  we  find  in  many  cases  that  these  have  lower  boiling  points 
than  saturated  compounds.  For  example,  vinyl  chloride  is  a  gas ; 
ethyl  chloride  boils  at  125° ;  dichlorethylene  boils  at  37° ;  ethylene 
chloride  at  84°,  &c. 

Nitro-compounds. 

These  have  the  same  empirical  composition  as  the  nitrites,  but 
their  rotations  are  very  different,  thus — • 

Propyl  nitrite  (cal.) 4-387 

Kitropropane 3-819 


I 


Difference  -  0-568 

At  first  sight  this  might  be  thought  to  be  simply  due  to  the 
nitrogen  in  nitropropane  being  saturated  and  in  the  nitrite  unsatu- 
rated, and  no  doubt  this  is  the  chief  cause  of  the  variation  ;  but  it 
must  be  borne  in  mind  that  the  structures  of  these   two  compounds 

*  Since  writing  the  above  some  other  nitrites  have  been  examined,  which  give 
rotations  confirming  that  of  isobutyl  nitrite. 
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differ,  the  nitrogen  of  the  nitropropane  being  in  direct  union  with 
the  carbon,  whilst  that  of  the  nitrite  is  attached  to  it  bj  the  inter- 
vention of  oxygen,  is  sufRcieut  to  account  for  a  small  part  of  the 
difference  between  the  rotations  of  these  bodies. 

The  influence  of  the  group  — ■^'^r)  when  displacing  the  hydrogen 

in  paraffins  is  very  small,  thus — 

Nitropropane 3"819 

Propane  (cal.)    3"590 

Difference 0-229 

With  compounds  of  larger  rotation  than  the  above,  it  acts  very 
curiously,  actually  reducing  them,  thus  chloroform  has  a  larger 
rotation  than  nitrochloroform  (chloropicrin)  — 

Chloroform. .  .  .  , 6*559 

Nitrochloroform    5'384 

Difference 0"175 

The  same  thing  is  seen  to  a  greater  extent  in  the  aromatic  series 
when  the  nitro-compound  has  a  much  lower  rotation  than  the  hydro- 
carbon it  is  made  from,  and  in  nitroparaffins  it  probably  reduces  the 
value  of  the  hydrocarbon  radical. 

As  noticed  on  several  occasions,  the  magnetic  rotation  of  the  first 
and  second  members  of  a  series  of  carbon  compounds  do  not  give 
numbers  which  bear  the  same  close  relationship  to  each  other  as  those 
of  the  higher  members,  which  differ  regularly  by  1'023.  This  is  also 
seen  in  the  case  of  the  nitro-compounds  which  vary  by  only  0'98, 
and  in  the  nitrates,  which  vary  first  by  1'025  and  then  by  I'OO,  as  the 
following  diagram  will  show  (Fig.  1),  where  they  are  compared  with 
the  formates  and  acetates.  The  circles  on  the  dotted  lines  show  the 
positions  they  would  occupy  if  they  had  the  ordinary  relationships. 
The  ordinates  in  this  diagram  are  the  decimal  numbers  only  of  the 
molecular  rotations. 

Observations  on  the  Rotation  of  the  Bases. 

Afi  the  values  for  the  rotation  of  ammonia  were  obtained  from  its 
solutions  in  water  and  in  alcohol,  it  might  be  objected  that  they  are 
not  trustworthy,  as  probably  combination  of  the  ammonia  and  the 
.solvent  might  take  place.  It  was  for  this  reason  that  two  different 
solvents  were  employed ;  alcohol  being  taken  as  one,  the  probability 
of  the  combination  of  ammonia  with  this  liquid  being  less  than  with 
water.  The  quantities  of  the  solutions  prepared  were  considerable, 
&^  that  on  taking  out  samples  for  examination  no  appreciable  change 
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of  composition  would  take  place  in  the  bulk  from  loss  of  ammonia. 
It  will  be  observed,  that  both  solutions  gave  practically  the  same 
rotations  for  ammonia,  viz.,  1"818  and  1826. 

It  would  appear,  therefore,  that  when  ammonia  is  absorbed  either 
bj  water  or  by  alcohol,  the  product  simply  consists  of  the  solvent 
and  ammonia.  This  is  confirmed  by  the  rotations  of  its  nitrate  and  acid 
sulphate.  1  hope,  however,  to  examine  ammonia  liquefied  by  pres- 
sure at  some  future  time,  and  also  other  easily  liquefiable  gases. 

The  displacement  of  an  atom  of  hydrogen  in  ammonia  by  an 
alcohol  radical  increases  its  rotation,  as  would  be  expected,  but  not 
to  the  full  extent  usual  for  a  change  of  composition,  which  is  1"0:^;^ 
for  every  CHo  in  the  homologous  series.  This,  however,  is  not  a  case 
quite  comparable  with  the  homologous  series. 

In  the  displacement  of  a  second  atom  of  hydrogen  in  ammonia,  the 
rotation  is  increased  proportionally  more  than  by  the  first,  and  in 
diethylamine  it  is  about  the  usual  amount  for  the  homologous  series. 
In  dipropylamine  it  is  only  a  little  less. 

When,  however,  we  come  to  the  displacement  of  the  third  hydrogen, 
a  very  remarkable  increase  of  the  rotation  takes  place,  marking  out  a 
clear  distinction  between  diamines  and  triamines. 

The  effect  of  displacing  a  fourth  atom  of  hydrogen  by  an  alcohol 
I'adical  in  ammonium  chloride  is  still  greater  than  for  the  displacement 
of  the  third  in  ammonia,  or,  what  is  the  same  thing,  in  ammonium 
chloride;  this  will  be  seen  by  the  following  comparison: — 

Tetrethylammonium  chloride    13'624 

Triethylamine  hydrochloride  (cal.) 10"005 


Difference  for  C2H4 3619 

The  following  are  the  results  obtained  with  the  ethylamines  and 
propylamines,  showing  the  differences  resulting  from  the  displacements 
and  between  the  variations  of  rotation.  The  displacement  of  hydrogen 
by  C2H5,  C3H7,  and  C4H9  is,  of  course,  as  far  as  composition  is  con- 
cerned, practically  the  same  as  the  addition  of  C2H4,  C3H6,  and  C^He. 

Difference 
between 
>roleeular         Diff.  for       rotations  for 
rotation.  C2U4.  each  C0H4. 

Ammonia     N^H  1-818, 

fEt  f  ^   '^n 

Ethylamine X  <^  U  3-609^  I  0-2G2 

jEt  [  2-O53J 

Diethylamine N  ^  Et  5  -662  ^  1-0  803 

[It  [  2-856 

TriethTlamine N  ^  Et  8  -518  ■• 
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Difference 
between 
Molecular        Diff.  for       rotations  for 
rotation.  CgHg.  each  C-jHg. 

Ammonia N  j  H  1-818, 

\l  2-745 

Propylamine N-^  H  4-563^  V  0-241 

?r  2-986 

Dipropylamine N  ^  Pr  7  -549  ^  I  1  -129 

I?,.  j      *"^J 

Tripropjlamine N  <^  Pr        11  -664  -• 

[Pr 

So  that,  whilst  the  variation  of  the  rotations  for  C2H4  between 
ethylamine  and  diethylaraine  diii'ers  by  only  0'2G2,  those  between 
diethylamine  and  triethylamine  differ  by  no  less  than  0'803  ;  between 
propylamine  and  dipropylamine,  the  variation  of  the  rotation  for  CsHe 
is  only  0'241,  yet  between  dipropylamine  and  tripropylamine  it 
amounts  to  1-129". 

The  relationships  of  the  rotations  of  the  ethylamines  and  propyl- 
amines amongst  themselves  and  to  each  other  will  be  more  clearly 
u^nderstood  by  reference  to  Fig.  2,  where  they  are  represented 
graphically. 

In  case  of  the  displacement  with  isobutyl,  the  examination  of 
the  first  two  only  have  been  made,  but  they  give  results  much  the 
same  as  in  the  other  cases.  They  are,  however,  interesting  as  showing 
that  the  iso-radicals,  as  compared  with  the  normal,  still  exert  their 
peculiar  influence  on  the  rotation.  The  following  is  a  comparison  of 
the  results  obtained  with  these  substances : — 


Molecular 
rotation. 

\^ 
Ammonia N  <^  H  1-818 

Lh 

Bu 
Isobutjlamine N  -{  H  5  "692 

Bu 

Diisobutylamine N  -{  Bu         9  -936 

H 


Dife.  for  C4H8  (Iso). 


3 -874- 


4-244 


0-370 


To  get  the  true  effect  of  the  iso-group  on  the  rotations  of  these 
bases,  it  would  be  necessary  to  compare  them  with  the  normal  butyl- 
a  mines,  but  these  have  not  been  examined ;  it  can  be  shown,  though 
not  very  accurately,  by  comparing  them  with  the  propylamines,  in 
which  case  the  difference  between  them  should  be  greater  than  that 
for  the  value  of  CHj ;  this  will  be  found  to  be  the  case,  thus — • 
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CURVES  FORMED  BY  THE  ROTATION  OF  ETHYLAMINES  AND 
PROPYLAMINES. 
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Isobiitylamine 5"692 

Propjlamiue 4"5G3 


1129 
Difference  for  CH, 1023 


Difference  for  iso-group 0106 

Diisobntylaminc    9"936 

Dipropylaiuine 7'549 


2-387 
Difference  for  CH,  x  2 2046 


Difference  for  two  iso-groups     0341 

These  numbers  are  as  close  as  could  be  expected  by  this  method  of 
comparison,  and  clearly  show  that  this  iso-group  influences  the 
rotations  of  amines  in  the  same  manner  as  it  does  other  classes  of 
compounds. 

The  results  produced  by  the  displacement  of  the  hydrogen  of 
ammonia  by  alcohol  radicals  stand  alone ;  the  only  other  analogous 
cases  occur  in  the  displacement  of  the  hydrogens  in  water  by  ethyl, 
when  the  rotations  increasingly  rise  with  each,  much  as  in  the  two 
first  displacements  in  ammonia,  thus — 

Jloleciilar 
rotation.  Difference. 


"Water , o|^  1  "000  . 

Ethyl  alcohol ^|h  2-78o|  \-  0-217 

Ethvl  oxide OJ^J         4 -777  J 


1-780 
1-997 


And  when  the  hydrogen  in  the  methyl  of  methyl  alcohol  is  displaced 
by  methyl,  but  although  we  at  first  get  an  increase  in  the  rotation 
of  this  group  for  the  first  and  second  displacements,  the  analogy  with 
ammonia  then  fails,  as  the  introduction  of  a  third  atom  of  methyl 
does  not  increase  the  7"otation  to  the  same  extent  as  the  others  do. 


'A 


Molecular 
rotation.  Difference. 


Methyl  alcohol HOC  <  H  1  -640 

[Me 
Ethyl  alcohol HOC -^  H  2-780 

[Me 
Isopropvl  alcohol HOC  ^  Me         4  -019 

LH 

f  Me 
Tertiary  butvl  alcohol ... .      HOC  J  Me         5-122 

[Me 


1-140 
1-239 
1-103 


0-099 
-0-136 
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In  allylamine  we  liave  an  example  of  an  unsaturated  radical  dis- 
placing the  hydrogen  of  ammonia  ;  as  in  the  other  cases,  this  being 
a  first  displacement,  the  radical  does  not  increase  the  rotation  to 
the  same  extent  it  usually  does  in  other  classes  of  compounds,  thus — 

Increase  due  to 
C3H5. 

Ammonia N  -^  1  [  1  -818"^ 

AUvlamine ^  ■{  II  5  -587 J 

Lh 

Allylacetic  acid 6"426 

Acetic  acid 2"5'25 

Increase  due  to  C3H5    . .      3'901 

Ethyl  allylacetoacetate 10-382 

Ethyl  acetoacetate (v501 

Increase  due  to  C3II5  . .         3"88l 

Ethyl  allylmalonate 11-281 

Ethyl  malonate    7-410 

Increase  due  to  C3II5  . .        3-871 

If  compared  with  propylamine,  the  increase  due  to  the  radical  being 
unsaturated  will  be  seen — 

Allylamine    5*587 

Propylamine 4-563 

Difference 1-024 

This  is  about  the  usual  difference,  although  it  is  a  little  larger  than 
is  usually  found  for  compounds  containing  allyl. 

Pentamethylenediamine  is  a  useful  example  of  the  successive  dis- 
placements of  hydrogen  by  NHo  in  paraffins.  This  can  be  seen  by 
comparing  its  rotation  with  that  of  amylamine  and  then  again  Avith 

pentane. 

Difference  for 
displacement 
of  a  by  NH. 

Pentane  5-638  1 

Amylamine  (calculated)  ,      6-609  -' 
Pentamethylenediamine , 


0-971 


.  ,^..  I         0-883 


From  this  it  is  seen  that  the  second  displacement  produces  raihcr 
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less  effect,  on  the  rotation  than  the  first;  this  we  find  to  he  the  case  in 
other  displacements  in  the  paraffins,  as  in  the  hydroxyls  of  glycerin 
previously  referred  to,  &c. 

Before  considerinc^  the  rotations  of  piperidine  and  pyridine,  it  will 
be  as  well  to  consider  those  of  the  two  nitriles,  propionitrile  and 
glutaric  nitrile  (cyanide  of  trimethylene).  To  compare  these  com- 
pounds it  will  be  the  simplest  plan  to  add  1-023  to  the  rotation  of 
propionitrile,  which  will  give  the  value  of  butyronitrile,  viz.,  1'028  + 
3-331  =  4'354,  and  both  numbers  will  then  be  related  to  compounds 
of  the  same  hydrocai-bon  ;  we  then  get  the  following  comparisons  : — 

Propane  (calculated) 3'590  "1  o-7f)4 

Butyx'onitrile  (calculated).      4"3.')4  j 
Glutyronitrile 5"136  / 

Average - 0773 

In  this  case  the  first  and  second  displacements  by  CN  give  nearly 
the  same  numbers,  the  second  being  slightly  the  higher;  this  is  excep- 
tional in  compounds  of  this  class,  and  may  possibly  be  due  to  some 
slight  impurity  in  the  glutyrouitril :  the  numbers,  however,  cannot 
be  far  from  the  truth. 

Piperidine. — The  magnetic  rotation  of  this  base  is  very  low,  show- 
ing clearly  that  it  is  a  saturated  compound.  The  following  is  a 
compari.son  of  it  with  amylamine,  which  contains  two  atoms  more 
hydrogen : — 

Amylamine    6'G09 

Piperidine   5810 

0-799 

This  is  a  rather  larger  difference  than  is  usually  found  between  a 
saturated  fatty  compound  and  a  saturated  ring  compound,  and  is 
more  than  the  value  of  Hj (0-508)  by  Avhich  they  differ. 

A  number  of  ring  compounds  discovered  by  my  son  have  had  their 
magnetic  rotation  determined,  and  will  show  this;  those  containing  a 
methyl  group  will  require  to  have  the  usual  amount  deducted  from 
them,  as  it  has  been  shown  that  this  increases  the  rotation  by  about 
O'lll,  as  in  iso-  and  secondary  compounds. 

Valeric  acid,  C5H10O2 5*513 

Tetramethyleuecarboxylic  acid,  Co}lt,Oi 5-049 

Difference 0-464 
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GEnanthylic  acid,  C^HuOo 7-552 

Methylpentametliylenecarboxjlic  acid,  C7H12O2. .      6928 

0-G24 
Less   0111 

Difference 0513 

Caprylic  acid,  CsHisO^ 8'565 

Methylhexamethylenecarboxylic  acid,  C8Hu02 . .      7'974 

0-591 
Less 0111 


Difference 0-480 

Ethyl  propylmalonate,  CsHgOjEtj 10-370 

Ethyl  tetramethyleuecarboxylate,  CeHeOiEt-,  . .  .      9-940 


Difference 0-430 

The  average  of  these  differences  is  0-471,  not  very  far  from  the 
value  of  H2  by  which  they  differ,  but  only  a  little  more  than  half  the 
difference  found  between  amylauiine  and  piperidine ;  in  this  case, 
however,  we  are  dealing  with  a  base,  and  it  has  been  seen  that  sub- 
stances of  this  class  are  somewhat  exceptional  in  their  behaviour ; 
this,  therefore,  may  be  the  cause  of  the  variation. 

Pyridine  has  also  a  very  low  rotation  if  considered  in  relation  to 
aniline,  from  which  it  differs  only  by  CHo,  thus — 

Aniline 16-162 

Pyridine    8-761 

Difference 7-401 

in  fact,  it  is  lower  than  benzene,  fi'om  which  it  differs  only  by  having 
IST  substituted  for  CH,  and  the  value  of  this  element  as  N"'  is  not 
verydiffei'ent  from  that  of  CH  (see  p.  738). 

Benzene 11-297 

Pyridine 8-761 

2-536 
Less  for  H 0254 

Difference 2-282 

This  is  very  remarkable,  especially  when  we  find  that  the  intro- 
duction of  NH2  into  benzene  increases  its  rotation  so  much. 
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Aniline 1G162 

Benzene 11  "297 

Inflnent-o  of  NH.     4-865 

By  comparing  ])yridine  with  piperidine  the  effect  of  the  difference 
of  Hg,  by  which  they  vary  in  composition,  will  be  seen. 

Pyridine 8'7G1 

Piperidine 5810 

2-951 

This  shows  how  much  the  higher  of  the  two  the  rotation  of  pyridine 
is,  through  being  an  unsaturateil  compound,  although  of  less  molecular 
weight  than  piperidine.  This  is  not  very  far  fi'om  three  times  the 
difference  existing  between  saturated  and  unsaturated  compounds 
differing  from  each  other  by  H2. 

Isohutylamine  with  Water  and  Alcohol. — As  aqueous  and  alcoholic 
ammonia  appear  to  be  simply  solutions  of  NH3  in  these  solvents,  it 
was  thought  that  it  would  be  well  to  see  if  a  monamine  acted  in  the 
same  way.  Solutions  consisting  of  equal  volumes  of  isohutylamine 
and  water,  and  isohutylamine  and  alcohol,  at  15°,  Avcre  therefore 
made;  in  both  cases  heat  was  evolved  and  contraction  took  place;  the 
latter  will  be  seen  by  a  comj)arison  of  the  found  and  calculated  den- 
sities of  these  mixtures. 

Water  and  Isohutylumijie. 

Density  found 0-9002 

Average  density O'SGSl 

Difference  due  to  contraction  . . .      0-0321 

Alcohol  (^ahsolide)  and  Isohntylamine  {the  mean  of  two  preparations). 

Density  found 0-7791 

Average  density 0"7656 

Difference  due  to  contraction. . . .      0-0135 

On  comparing  the  magnetic  rotations  of  these  mixtures,  it  will  be 
found  that  a  small  amount  of  combination  is  indicated. 

Equal  Volumes  of  Water  and  Isohutylamine. 

Molecular  rotation  of   mixture  calculated 

from  constituents     11-200 

^Molecular  rotation  of  mixture  found 11-099 

Difference    0101 
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Equal  Volumes  of  Alcohol  and  Isohutylamine. 

Molecular  rotation  of  mixture  calculated 

from  constituents TO'459 

Molecular  rotation  of  mixture  found lO'SGl 

Difference 0-098 

Piperidine  and  Water. — This  base  has  a  great  attraction  for  water, 
and  considerable  heat  is  evolved  on   mixing  these  two   substances. 

The  mixture  examined  had  the  composition  CsHnN  +  OHo.  The 
following  is  a  comparison  of  the  average  and  found  densities  of  the 
mixture  : — 

Density  found 0-9133 

Average  density 0'8897 

Difference  due  to  contraction  .  . .      00236 

This  is  a  considerable  contraction  for  the  small  quantity  of  water 
used,  viz.,  \7'07  per  cent.  The  magnetic  rotation  of  this  also  shows 
a  small  amount  of  combination. 

Molecular   rotation  of   mixture   calculated 

from  constituents 6'810 

Molecular  rotation  found 6"724 

Diff'erence    0-086 

The  rotation  of  isohutylamine  with  water  and  alcohol,  and  of 
piperidine  with  water,  therefore  indicates  that  these  mixtures  contain 
a  small  quantity  of  unstable  compounds,  of  the  composition — 

^*^'  j  N-OH,          ^^^^  j  N-OEt,        ^'^l  \  N-OH. 

the  amount  most  probably  varying  with,  the  temperature,  as  was  found 
in  the  examination  of  mixtures  of  aldehyde  with  water  and  alcohol 
(Jour.  Chem.  Soc,  1887,  51,  815 — 819),  and  of  course  maybe  the  case 
with  solutions  of  ammonia,  but,  if  so,  the  amount  entering  into  com- 
bination at  the  temperatures  at  which  the  rotations  were  observed 
was  too  small  to  appreciably  affect  them. 

Value  of  Nitrogen. 

From  the  foregoing  results  it  is  possible  to  get  an  estimate  of  the 
amount  of  influence  nitrogen  has  on  the  magnetic  rotation  of  bodies. 
In  the  first  place,  it  will  be   as  well  to  consider  it  as  it  exists  in 
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nitrates,  where  it  is  in  a  pontavalent  condition.     If  these  bodies  have 

the  composition  liO  —  N<^,~.,  it  will  be  necessary  to  subtract  from,  a 

nitrate,  the  value  of  the  radical,  also  that  of  one  oxygen  as  found  in  the 
hydroxy  1  of  acids,  namely,  0"137,  and  for  the  two  oxygens  which  are 
fullj  saturated  with  nitrogen,  that  is  the  values  which  this  element  has 
when  fully  saturated  with  carbon,  viz.,  0"2G],  which  is  probably  the 
same  as  if  saturated  with  nitrogen.  We  then  get  from  ethyl  and 
propyl  niti-ates  the  following  results  : — 

Ethyl  nitrate 8-084 

Ethyl 2;i00] 

O2  saturated  by  N 0-.5-22  >     2-959 

0  in  hydroxyl  of  acids. .      01.'57  -» 

N^    0125 

Propyl  nitrate     4'085 

Propyl :j-82;n 

O,.  /. 0  522>     3-9S2 

0   ul;j7J 

N^    0-103 

These  numbers  are  not  far  apart,  and  show  that  the  value  of  nitro- 
gen when  saturated  is  very  low,  namely,  about  0-114. 

This  method  of  calculation  cannot  be  satisfactoi'ily  applied  to  nitro- 
compounds, because  we  have  no  very  definite  information  as  to  the 

effect  produced  on  the  rotation  when  — ^'^o  ^s  in  direct  union  with 

the  carbon  of  an  alcohol  radical,  except  that  it  appears  to  reduce  the 
value  of  the  hydrocarbon  radical  to  a  smnll  extent. 

In  the  nitrites  the  nitrogen  is  trivalent.  We  can  get  a  value  for  it 
in  a  similar  manner  to  that  used  with  nitrates,  taking  the  constitution 
to  be 

R-O-NzO. 

It  will  be  more  simple,  and  perhaps  more  correct,  if  the  rotation  of 
propyl  nitrite  be  used  in  this  estimation  ;  this  is  easily  obtained  from 
that  of  isobutyl  nitrite,  by  adding  to  the  rotation  of  propyl  nitrate  the 
diffei'ence  found  between  isobutyl  nitrite  and  nitrate  ;  this  is  0-330. 
Propyl  nitrite  will  therefore  be  4-085  (propyl  nitrate)  +  0330  = 
4-415. 
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Propyl  nitrite 4'415 

Propyl    :i:i-23') 

O  saturated  with  N 0-261  ^3-721 

O  as  in  liydroxyl  of  acids 0137-^ 

N'" 0-694 

The  rotation  of  nitrogen  in  bases  can  be  found  approximately 
by  subtracting  the  rotation  of  a  paraffin  from  a  base  and  then  the 
value  of  H  from  the  remainder. 

Amylamine  (calculated) 6-609 

Pentane 5-638 

NH 0-971 

Less  H    0-254 

N'" 0-717 

The  cyanides  also  can  be  used  to  give  a  value,  thus — 

Ethyl  cyanide 1  o.qoi 

Isopronitryl    J 

Less  ethyl 2-300 

CN" 1-031 

Less  C 0-515 

N'" 0-516 

Taking  trimethylene  cyanide  we  get — 

Trimethylene  cyanide 5-136 

Trimethylene,  CH,  X  3   3-069 

(CN), 2-067 

Less  C2    1030 

N,"' 1-037 

N'" 0-518 

Average  value  of  N'"  =  0-611. 

In  the  cyanides  the  value  comes  a  little  lower  than  in  the  other  pro- 
ducts, but  it  is  possible  that  the  value  of  carbon  subtracted  is  not  quite 
correct,  as  we  do  not  know  its  true  value  when  three-fourths  saturated 
with  nitrogen ;  though  of  course  in  all  the  values  found  for  the 
elements  they  are  only  approximate  and  not  absolute,  as  they  are 
found  to  vary  slightly  in  different  series  of  compounds,  and  in  some 
instances  they  vary  considerably.     These  numbers,  however,  show  the 
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interesting'  fact  tBat  unsaturated  nitrogen  (N'")  has  a  very  much 
greater  intluence  on  the  magnetic  rotation  of  compounds  containing  it 
than  when  it  is  saturated  (N^)  ;  tliis  is  about  05,  taking  the  average 
of  all  the  values  given,  and  practically  half  the  amount  of  the  diffui-ence 
usually  found  between  saturated  and  unsaturated  carbon  compounds 
(differing  by  Hn). 

The  clearest  evidence  of  this  is,  perhaps,  after  all,  best  seen  in  the 
comparison  between  a  nitrite  and  nitro-compound,  where  both  have 
the  same  composition,  the  variation  due  to  difference  of  constitution 
probably  not  reducing  the  rotation  of  the  nitro-compounds  by  more 
than  about  0*1 ;  this  would  then  leave  0"4G8  between  these  compounds 
in  favour  of  N'"  over  N"^, 


Hydrochloric,  Hydrobroniic,  and  Hydriodic  Acids. 

When  studying  the  magnetic  rotations  of  the  aqueous  solutions  of 
these  acids,  one  striking  fact  is  noticed,  and  that  is  the  magnitude  of 
the  numbers  as  compared  with  those  deduced  from  the  rotations  of 
the  chlorides,  bromides,  and  iodides  of  the  alcohol  radicals.  The 
latter,  however,  refer  to  the  acid  in  combination,  and  not  in  the  free 
state,  but  the  addition  to  them  of  about  0*2  will  make  the  necessary 
correction  for  this.     The  numbers  are  as  follows: — 


In  combina- 

In free 

tion. 

state. 

Hydrochloric  acid  .  . 

CI  1-7.33  -f  H  0-2.54  =  1-987 

2-187 

Hydrobromic     „     . . 

Br  3-.562  +  H  0-254  =  3-816 

4-016 

Hydriodic          ,,     . . 

I     7-757  +  H  0-254  =  8011 

8-211 

Concentrated  aqueous  solutions  of  these  acids  were  first  examined, 
and  these  gave  molecular  rotations  for  the  pure  acids  nearly  twice  as 
large  as  the  above  ;  a  more  dilute  solution  of  one  of  the  acids  was 
then  examined,  and  this  gave  a  still  higher  result,  and  it  soon  became 
evident  that  acids  in  diffei-ent  states  of  concentration  gave  different 
results  ;  it  appears  necessary,  therefore,  to  examine  a  graduated  series 
of  each  acid,  commencing  with  very  concentrated  and  finishing  with 
dilute  solutions.     The  following  are  the  results  obtained  : — 


Hydrochloric  acid 


Mol.  rotation 

of  HCl. 

. .  . .      41*70  per  cent. 

HCl 

4-045 

....      36-5 

5> 

4-215 

. . . .     30-86 

?5 

4-.303 

25-00 

■>■> 

4-405 

....      15-63 

55 

4-419 
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Hvdrobromic  acid 


65'59  per  cent.  HBr 

56-00 

39-71 

24-60 

35-47 


Mol.  rotation 
of  HBr. 

7-669 

8-061 

8-415 

8-547 

8-519 


Hydriodic  acid 67 

65 

61 

56 

42 

:^i 

20 


02  per  cent.  HI 

10 

"'  ))  ?> 

78 

70 

77         „ 

77 


Mol.  rotation 
of  HI. 

17-769 
17-868 
18-117 
18-308 
18-403 
18-451 
18-4ii8 


In  all  these  series  it  is  seen  tliat  the  molecular  rotations  found  for 
the  pure  acids  first  rise  as  the  solution  is  diluted,  and  then  become 
practically  stationary,  the  variations  of  the  last  two  numbers  in  each 
series  not  being  more  than  might  be  expected  from  experimental 
eri'ors. 

These  results  have  been  graphically  i-epresented  on  Fig.  8 ;  in  this, 
two  curves  start  from,  the  calculated  values  of  each  acid,  one  repre- 
sentino-  the  rotations  in  reference  to  the  percentage  of  the  acids,  the 
other  in  reference  to  the  molecular  composition  of  the  solution.  The 
reo-isters  for  these  are  both  given  on  the  top  of  the  diagram,  whilst 
those  for  the  rotations  are  given  in  three  columns,  one  on  the  left 
side  and  two  on  the  right  side,  each  headed  with  the  formula  of  the 
acid  it  refers  to.  This  airangement  was  adopted  to  get  the  three  sets 
of  curves  as  nearly  as  possible  in  juxtaposition.  It  will  be  noticed 
how  o-reat  a  similarity  there  is  in  the  character  of  these  curves, 
especially  those  corresponding  to  the  molecular  propoi'tions ;  each 
I'isino-  rapidly  from  the  calculated  rotations  of  the  acids  and  then 
o-radually  turning  off  to  a  horizontal  line.  The  difference  of  the 
hio-hest  rotation,  represented  by  the  horizontal  lines,  from  the  calcu- 
lated is  in  all  cases  more  than  twice  as  large  as  the  latter,  thus — 

HCl.  HBr.  HI. 

Highest  number 4-412  8-533  18-435 

Cafculated  number    2-187  4-016  8-211 

Difference 2  225  4-517  10-224 

All  the  rotations  of  these  acids  closely  approach  the  horizontal  line, 


To  fact  page   740. 
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and  therefore  their  higliest  rotations,  when   they  contain   fi*om  G  to 
7  mols.  ot"  water. 

It  is  veiy  difficult  to  form  a  conception  of  tlie  meaning  of  these 
results,  so  far  as  experiments  have  gone.  Acids  when  diluted  with 
water  either  combine  with  it,  and  thus  cause  a  reduction  in  the 
rotation,  as  sulphuric  (/.  Chem.  Soc,  1886,  49,  782 — 784)  and  nitric 
acids,  or  are  not  influenced  by  it,  as  in  the  case  of  formic,  acetic, 
propionic  (/.  Chem.  Soc,  1886,  49,  778 — 781),  glutaric  acids,  &c., 
but  in  no  case  does  an  increase  take  place;  such  a  result  would 
indicate  dissociation.  It  was  thought  that  something  of  this  kind 
might  take  place,  the  very  concentrated  acids  possibly  containing 
complex  molecules  built  up  of  several  molecules  of  the  acids,  and 
breaking  down  on  dilation ;  thus  the  highest  rotations  would  be  the 
correct  ones  for  the  simple  acids,  but  the  difficulty  in  the  way  of  this 
is  that  in  compounds  in  which  the  halogens  must  exist  in  single 
atoms  the  rotations  of  the  acids  deduced  from  them  are  only  half 
those  found  in  the  examination  of  the  dilute  solutions.  On  account 
of  the  difficulty  of  finding  an  explanation,  experiments  were  made  to 
see  if  the  solvent  played  any  part  in  this  matter;  it  was,  however, 
found  very  difficult  to  gee  a  liquid  which  would  dissolve  these  acids 
in  sufficient  quantity,  and  at  the  same  time  not  to  be  affected  by 
them.  Acetic  anhydride,  for  example,  was  found  to  change  rapidly 
into  acetic  acid  and  acetyl  chloride,  or  bi-omide,  according  as  it 
was  saturated  with  hydrochloi-ic  or  hydrobromic  acids.  Heptane 
was  found  to  be  only  capable  of  dissolving  about  1  per  cent,  of 
hydrochloHc  acid.  At  last  isoamyl  oxide  was  tried,  and  this  dissolved 
about  18  per  cent,  of  hydrobromic  acid  and  13  per  cent,  of  hydro- 
chloric acid.  Unfortunatel}'  hydrobi-omic  acid  was  found  to  gradually 
act  upon  it,  so  that  it  could  not  be  examined  in  this  solvent.  Hydro- 
chloric acid,  however,  has  no  influence  upon  it.  Its  solution  in  this 
substance  was  therefore  examined.  Two  preparations  were  made,  and 
these  gave  the  following  results  : — 

Mol.  rotation. 
IICI. 

I.  Containing  10"68  per  cent.  HCl  gave 2211 

II.  „  12-82         „  „  2-2G5 

Average 2  2o8 

Calculated  rotation 2187 

Difference 0"<J51 

These  two  results  are  very  interesting,  as  they  are  quite  different 
from  those  obtained  on  the  examination  of  aqueous  solutions,  and  are 

VOL.    LV.  3   F 
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as  close  to  tbe  calculated  as  could  be  expected,  considering  the  small 
percentage  of  acid  contained  in  the  specimens  measured.  No  doubt 
if  hydrobromic  and  hydriodic  acids  could  have  been  examined 
in  the  same  way  analogous  results  would  have  been  obtained.  It 
appears  therefore  that  the  calculated  numbers  for  the  halogen  acids 
are  practically  the  correct  ones,  and  that  the  high  results  obtained 
from  the  aqueous  acids  are  abnormal,  and  in  some  unaccountable  way 
caused  by  the  presence  of  water,  though.,  as  already  mentioned, 
chemical  union  with  water  would  not  increase,  but  reduce  the 
rotations  of  the  acid,  according  to  all  previous  experiments. 

G.  Lemoine  (Ann.  Chem.  Phys.  [5],  12,  239),  as  well  as  Bertholet, 
have  noticed  the  peculiar  fact  that,  whilst  gaseous  hydriodic  acid  is 
decomposed  by  light  the  aqueous  solutions  are  not,  this  seems  to 
indicate  that  water  has  some  peculiar  influence  upon  this  acid. 


Salts  of  Ammonia  and  Gom,pound  Ammonias. 

The  results  of  the  examination  of  the  solutions  of  the  salts  of 
ammonia  and  the  compound  ammonias  containing  hydrochloric, 
hydrobromic,  and  hydriodic  acids  are  not  less  remarkable  than  those 
of  the  acids  themselves,  except  that  the  effect  of  various  degrees  of 
dilution  does  not  influence  the  molecular  rotation  of  the  salts;  this 
will  be  seen  from  the  results  of  the  examination  of  the  four  aqueous 
solutions  of  ammonium  iodide  and  the  two  of  ammonium  bromide,  as 
given  in  the  following  tables  : — 

Mol.  rotation. 
NHJ. 

I.  NHJ,  60-44  per  cent 19-936 

II.       „      58-46         „       20-032 

III.       „      54-64        , 19-971 

iV.       „      30-50        „       20-049 

Average    19-996 

Mol.  rotation. 
NH^Br. 

I.  NHiBr,  40-42  per  cent 10-159 

II.         „       25-00        , 10-196 

Average    10-177 

From  these  it  will  be  seen  that  although  the  solutions  vary  very 
considerably  in  strength,  yet  they  give  numbers  which  are  practically 
the  same  in  both  instances.     This  fact  should  be  borne  in  mind  when 
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considering  the  results  of  the  examination  of  the  aqueous  solutions  of" 
other  salts  referred  to  in  this  paper. 

On  considering  the  rotations  obtained  with  solutions  of  the  different 
sails  formed  hy  ammonia  and  the  comjiouuil  ammonias  with  the 
halogen  acids,  it  will  he  useful  to  tind  what  their  calculated  rotations 
are,  so  as  to  compare  them. 

The  rotation  of  the  acids  taken  in  this  place  will  have  to  be  those 
found  for  them  in  combination,  already  given  on  page  7'S'J,  then,  as 
ammonia  and  the  compound  ammonias  contain  unsaturated  nitrogen 
which  will  become  saturated  on  their  union  with  the  above  acids, 
this,  as  shown  elsewhere,  will  redxice  the  rotation  by  about  0'.5.  The 
rotations  of  these  salts  may  then  be  calculated  thus  : — 

Calculated.  Found. 

N4HOI          =  HCl  1  -987  +  NH,      1  -818  -0*5 4  -305  G  096 

NlIoEtnCl  =  HCl  1-987  +  NILEtSfiOg  -  0-5 6-096  7-997 

NHEt.HCi  =  IICl  1  -987  +  NHEt^  .5  -662  -0-5 8-14-9  9  893 

NEtalici      =  HCU -987  +  NEtj     8-518-0-5 11-005  11-733 

C5H„NHC1=  HCl  1-987  +  CsHhN 5-810  -  0-5 8-297  10-034 

NH^Br         =  HBr  3-816  +  NH3      1-818-0-5 6134  10177 

NHJ  =  HI    8  011  +  NH3      1-818-0-5 10-329  19  996 

From  the  above  it  will  be  seen  that  the  experimental  results  aro 
greatly  in  excess  of  the  calculated,  and  on  examining  them  they  are 
found  to  be  nearly  equal  to  those  which  would  result  fi-om  simply 
adding  together  the  rotations  of  the  bases,  and  the  highest  or 
ahnormal  rotations  of  the  acids,  no  allowance  being  made  for  combi- 
nation or  saturation  of  nitrogen  : — 

Abnormal  rotation.  Calculated.  Found. 

NH4CI          =  HCl  4-412  -*-  NHj       1-818 6  230  6  096 

KH.,EtHCl  =  HC14-412  +  NHoEt3-609 8021  7997 

NHEtoHCl  =  Hrl  4  -412  +  NHEt.  5  -662 10  -074  9  -896 

NEtsHCI      =  HCl  4-412  +  N  Eta     8  518 12  930  11-739 

C5HnNHCl=  HC14-412  +  CjHjiNS-SlO 10-222  10034 

KHjBr  =  HBr  8-533  +  NH3       ISIS 10-351  10-J77 

NH4I  =  HI  18-436  ^-  NH3       1818 20-253  19-996 

It  is  thus  seen  how  little  the  numbers  obtained  in  this  manner  vary 
from  those  found,  except  in  the  case  of  triethylamine  hydrochloride, 
which  will  be  referred  to  further  on.  The  hydrochloride  of  piperi- 
dine,  which  is  analogous  to  a  diamine,  behaves  in  the  same  way  a.s 
salts  of  that  class.  The  only  explanation  I  can  find  for  these 
remarkable  results  is,  that  these  salts  when  in  solution  are  almost 
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entirely  dissociated  into  their  acids  and  bases,  the  acids,  owing  to 
the  presence  of  water,  acquiring  the  high  or  abnormal  values  ;  the 
slight  difference  between  the  calculated  and  experimental  numbers 
being  due  to  the  presence  of  a  very  small  quantity  of  undissociated 
salt.  In  the  case  of  triethylamine,  the  amouat  of  dissociation  is 
evidently  considerably  less  thau  in  the  other  salts,  the  third  molecule 
of  ethyl  it  contains  adding  to  its  stability.  This  is  only  what  might 
be  expected,  as  the  addition  of  a  fourth  molecule  yields  the  remark- 
ably stable  chloride  of  tetrethylammonium.  This  has  also  been 
examined,  and  probably  does  not  dissociate  when  in  solution,  or 
only  to  a  small  extent.  The  rotations  obtained  from  the  chloride 
of  tetrethylammonium  and  the  hydrochlorides  of  ethylamine  and 
ammonia  have  been  plotted  out  side  by  side  with  the  calculated 
numbers  in  Fig,  4.  From  this  it  will  be  seen  that  the  calculated 
numbers  form  a  curved  line  (similar  to  the  ethylamines.  Fig.  2, 
facing  p.  730),  but  straightens  a  little  between  triethylamine  hydro- 
chloride and  triethylammonium  chloride,  whilst  tie  experimental 
form  a  straight  line;  the  latter,  owing  to  the  d'ssociation  of  the  salts, 
is  considerably  far  apart  from  the  cutved  line  in  the  lower  portion  of 
the  figure,  but  both  meet  at  the  ton,  at  a  point  representing  tetrethyl- 
ammonium chloride.  It  will  also  be  set^n  that  the  distance  between 
the  curved  and  straight  lines  is  l^-ss  at  the  points  representing  tri- 
ethylamine hydrochloride  than  at  those  representing  the  other  hydro- 
chlorides, thus  showing  a  smaller  amount  of  dissociation. 

From  the  different  results  obtained  from  solations  of  hydrochloric 
acid  in  two  kinds  of  solvents,  it  appeai'ed  desirable  to  examine  some 
of  these  salts  in  solvents  other  than  water.  Solutions  of  diethyl- 
amine  hydrochloride,  and  ammonium  iodide  in  absolute  alcohol  were 
therefore  employed,  as  no  other  suitable  solvent  could  be  found,  but 
from  the  rotations  obtained  dissociation  evidently  takes  place,  though 
not  to.quite  so  large  an  extent  as  when  water  is  used,  as  the  following 
numbers  show  :  — 

Mol.  rotation.  MoL  rotation. 
Alcoholic  Aqueous 

solution.  solution.       Calculated. 

Diethylamlne  hydrochloride.  ..        9-674  9-896  7-149 

Ammonium  iodide    18-955         20-032         10-409 

All  these  results  made  it  important  to  study  the  behaviour  of  some 
other  saUs  of  ammonium  when  in  solution,  and  for  this  purpose 
aqueous  solutions  of  the  nitrate,  acid  sulphate,  and  neutral  sulphate 
of  ammonium  were  employed.  Nitrate  of  ammonium  is  not  supposed 
to  dissociate  to  any  appreciable  extent,  nor  is  it  likely  that  the  acid 
sulphate  would  ;  the  neutral  sulphate,  however,  is  known  to  do  so  to 
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some  extent,  as  it  gives  off  some  of  its  ammonia  when  its  solution  is 
boiled. 

The  calculated  rotations  for  these  salts  compared  with  the  experi- 
nieufcal  rotation  are  as  follows  : — 

Nitrate  of  Ammonium. 

HNO3 1-180 

NH3 1-818 

Less  0*2  reduction  due  to  combination  and"!  9.0(10 
0'5  for  the  nitrogen  being  saturated  =  /a.i-aa 

2-298 
Found    2-320 

Difference 0032 

Acid  Sulphate  of  Am,monium, 

H2SO4   2-315 

NH3 1-818 

4133 
Less  0-7  as  above 0-700 

3-433 
Found    3-455 

Difference 0-022 

Neutral  Sulphate  of  Ammonium. 

H,SOi   : 2-315 

(NH3)o 3-636 

5-951 
Less  0-7  as  above  x  2 1-400 

4-551 
Found 4-980 

Difference 0431 

From  this  it  is  seen  that  the  nitrate  and  acid  sulphate  of  ammonium 
give  results  very  nearly  identical  with  those  calculated.  This  is 
valuable  in  two  ways — first,  inasmuch  as  it  shows  the  method  of 
calculating  the  rotation  of  these  salts  to  be  trustworthy ;  and,  secondly, 
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that  the  very  high  numbers  obtained  by  the  halogen  acids  and  their 
salts  with  ammonia  and  compound  ammonias  are  abnormal. 

The  rotation  of  the  neatral  sulphate  of  ammonium  is  rather  higher 
than  the  calculated,  probably  the  latter  is  a  little  low,  as  the  intro- 
duction of  a  second  ammonia  would  most  likely  be  attended  with  a 
slightly  smaller  amount  of  change  than  that  represented  by  0'7  ;  it 
would  not,  however,  nearly  account  for  all  the  difference  found,  which 
is  no  doubt  due  to  a  certain  amount  of  dissociation  of  the  salt. 

It  is  very  probable  that  the  determination  of  the  magnetic  rotations 
of  salts  in  solution  may  be  of  value  in  distinguishing  between  those 
salts  that  do  and  those  that  do  not  dissociate  m  the  presence  of 
water,  as  well  as  to  give  an  idea  of  the  extent  of  dissociation. 

With  regard  to  the  foregoing  results,  it  was  thought  that  the 
numbers  obtained  for  the  heat  of  neutralisation  of  the  salts  under 
consideration  might  in  some  way  correspond  with  those  of  the 
magnetic  rotations ;  they  do  not  appear,  however,  to  bear  in  the  least 
upon  this  subject,  chloride  of  ammonium,  and  the  hydrochlorides 
of  the  ethylamines  giving  numbers  close  to  those  obtained  for  the 
nitrate  and  sulphate  of  ammonium.  Triethylamine  hydrochloride  is 
also  a  further  exception,  as  it  gives  a  very  low  number  for  its  heat  of 
neutralisation;  this- i&  quite  contrary  to  the  results  of  the  magnetic 
rotation,  which  show  that  this  salt  exists  in  a  less  dissociated  con- 
dition when  in  solution  than  the  other  hydrochlorides,  and  therefore 
would  be  expected  to  give  higher  numbers. 

The  following  table  gives  the  numbers  obtained  for  the  heat  of 
neutralisation  of  most  of, the  salts  examined: — 

2(NH3       +  HCl)  =  24,544  cal. 

2rNHoEt  +  HCl)  =  26,880  „ 

2(NHEt2  +  HCl)  =  23,620  „ 

2(NEt3     +  HCl)  =  17,480  „ 

2(NH3      +  HNOa)  =  24,64 i  cal. 
2(N"H3      +  H.SOi)  =  28,152    „ 

The  principal  results  of  this  research  may  be  briefly  summed  up  as 
follows  : — 

Nitric  acid  when  diluted  with  water  combines  with  it,  forming  an 
HOI  HOI 

acid,  HO  >N!0,  corresponding  to  orthophosphoric  acid,  HO  >P!0. 
HO  J  ,.  HO  J 

Nitric  acid  forms  ethers  in  an  analogous  way  to  sulphuric  and  the 
fatty  acids,  that  is,  with  condensation. 

Unsaturated  nitrogen,  N'",  acts  in  a  manner  analogous  to  unsatu- 
rated carbon,  the  rotations  of  compounds  in  which  it  exists  being 
consideral)ly  higher  than  those  containing  the  saturated  element. 


OF   XITROGEX   COMPOUNDS.  747 

The  low  rotations  of  nitro-compounds  as  compared  with  those  of  the 
nitrites  is  chiefly  due  to  the  former  containing  saturated  and  the 
hitter  unsaturated  iiitrofreu. 

That  aqueous  and  alcoliolic  ammonia,  at  the  ordinary  tempoi-atnre, 
a])pear  to  consist  of  solutions  of  NH3  oidy ;  but  in  the  case  of  a([ueous 
and  alcoholic  solutions  of  isobutylamine  and  aqueous  soluticnis  of 
piperidine  a  small  amonnt  of  combination  takes  place  with  these 
solvents  at  ordinary  temperatures. 

That  in  the  displacement  of  the  hydrog-en  in  ammonia  by  alcohol 
radicals  the  rotation  is  not  increased  by  the  usual  amount  due  to  the 
change  of  composition  for  the  first,  but  it  increases  for  the  second, 
and  becomes  very  large  for  the  third  displacement,  and  in  the  displace- 
ment of  the  fourth  hydrogen  in  ammonium  salts  it  is  still  larger. 
The  introduction  of  iso-radicals  increases  the  rotation  more  than  the 
normal  ones  to  quite  the  usual  extent. 

Allylamine  behaves  like  other  unsaturated  compounds,  giviu"-  a 
considerably  higher  rotation  than  the  corresponding  saturated  base, 
propylamine. 

Pentamethylenediamine  shows  that  the  effect  of  a  second  displace- 
ment of  hydrogen  in  paraffins  b}^  NH,  is  to  produce  slightly  less 
influence  on  the  rotation  than  the  first. 

Piperidine  has  a  rotation  showing  that  it  is  a  .saturated  compound  ; 
it  is,  however,  slightly  lower  than  that  usually  found  for  saturated 
ring-compounds  when  compared  with  paraffin-derivatives. 

Hydrochloric  acid,  when  examined  in  its  solution  in  amyl  oxide, 
gives  a  rotation  practically  the  same  as  that  found  for  its  elements 
when  in  compounds,  that  is  H  in  paraffins  and  CI  in  the  chlorides  of 
the  alcohol  radicals,  with  the  addition  necessary  to  represent  it  in  the 
free  state,  2"238  being  found  and  2:187  calculated. 

The  solutions  of  hydi-ochloric  acid  in  water  give  abnormally  high 
rotations  for  this  acid,  increasing  up  to  certain  limits  with  the 
dilution  of  the  solution,  the  highest  rotation  being  more  than  double 
that  of  the  calculated. 

Aqueous  solutions  of  hydrobroraic  and  hydriodic  acids  also  behave 
in  an  abnormal  manner,  like  those  of  hydrochloric  acid,  the  results 
being  rather  more  strongly  marked..  This  cannot  be  explained  on  the 
assumption  that  the  acids  combine  with  water,  such  a  result  would 
lower  instead  of  increase  the  rotation. 

The  rotation  of  ammonium  salts  when,  in  aqueous  solution  is  not 
influenced  by  the  strength  of  the  solution. 

The  salts  of  ammonia  and  the  compound  ammonias  with  hydro- 
chloric, hydrobromic,  and  hydriodic  acids  when  in  aqueous  solutions 
give  very  high  rotations,  which  can  only  be  explained  on  the  assump- 
tion that  they  are  almost  entirely  in  a  state  of  dissociation.     Their 
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acids,  on  account  of  the  water  present,  would  then  possess  tlie 
abnormal  rotations  referred  to  above,  and  tliis  would  give  the 
solutions  their  high  vala.es.  Alcoholic  solutions  of  ammoniucn  iodide 
and  diethylamine  hydrochloride  bebave  like  the  aqueous,  but  the 
rotations  are  not  quite  so  high,  showing  less  dissociation. 

Triethylamine  hydrochloride  does  not  dissociate  nearly  so  much  as 
the  other  hydrochlorides,  and  the  chloride  of  tetrethylammonium  is 
thought  not  to  dissociate  at  all,  or  only  very  slightly,  when  in 
aqueous  solution. 

Aqueous  solutions  of  the  nitrate  and  of  the  acid  sulphate  of  am- 
monium give  normal  rotations,  showing  no  appreciable  amount  of 
dissociation.  The  neutral  sulphate,  however,  gives  slightly  high 
rotations,  clearly  indicating  that  it  does  dissociate  to  a  small  extent 
when  dissolved  in  water. 

The  following  is  a  list  of  the  substances  examined,  with  their 
molecular  rotations,  and  the  numbers  of  the  pages  where  they  are 
referred  to  in  this  paper : — 


Su-bstancfr. 


Nitric  acid 

Ortlionitrie  acid 

Methyl  nitrate 

Ethyl  nitrate 

Pro]3jl  nitrate    

Isobutyl  nitrate     

Ethylene  nitrate    

Nitroglycerin ,  . . . 

Isob^ityl  nitrite 

Nitiromethane    

Nitroetiiane 

Kitropropane , 

Chloropicrin 

Ammonia  (aqueous  solution), 

Ammonia  (alcoholic  solution) 

Ethylamine    

Diethylamine 

Triethylamine    

Propylamine , 

Dipropylamine 

Tripropylamine 

Isobutylamine   

Isohutylaniine  (aqueous  solution)  , 
Isobutylamine  (alcoholic  solution) 
Diisobutylamine 


Molecular 
rotation. 


1-180 
1-930 
2-057 
3  084 
4-085 
5-180 
3-768 
5-405 

5-510 

1  -858 
2-837 
3-819 
5-384 

1-810 
1-826 
3-609 
5-662 
8-518 
4-563 
7-549 
11-664 
5-692 
5-567 
5-593 
9-936 


Page, 


680,  724,  725 

681,  724 

682,  722,  725 

682,  722,  725 

683,  722,  725 

683,  722,  726 

684,  726 

685,  726 

686,  723,  727 

687,  722,  723 

687,  722,  723 

688,  722,  727 

689,  728 

689,  728 

690,  728 

691,  728 

691,  728 

692,  728 

692,  730 

693,  730 

694,  730 

694,  730 

695,  735 

696,  735 

697,  730 


I 


OF  NITROGEN   COMPOUNDS. 


749 


Subslance. 


Allyliiniliie . 

Pentiiruotliylcnediamine 

Piperidine 

Piperidine  (aqueous  solution). 
Pyridine 


Propionilrile 

TrimellijItMie  cyanide 


Ammonium  clilo'"ide 

Ethylnmine  liydrocbloride  (in  aqueous  solution).. 
UiethyUuniiie  „  ,,  „ 

Diethylamine  „  (in  alcoliolic  sol ui  ion) 

Trietliylamine  „  (in  aqiieous  solution) 

Tetretlijlammonnun  chloride  „  „ 

Piperidine  hydrocliloride  „  „ 

Ammonium  nilrnte  „  „ 

„  acid  sulphate  „  ,, 

„  sulphate  „  „ 

Sulphuric  acid 


ilolecular 
rotation. 


Ammonium  bromide  (NH4Br  40-42  per  cent,  sol.)  . .  . . 
(NH4Br25  „         „).... 

Ammonium  Iodide  (NH^I  =  60'44  „  „).... 

„  „       (NH4I  =  .^8-46  „  „).... 

„       (NHJ  =  51-64  „  „).... 

„       (NHJ  =  30-5  „  „).... 

Ammoniuju  Iodide  in  a'coliol  (NH^^l  =  2V10  percent.) 

Hydrochloric  acid  (HCl  =  41-70  per  cent,  sol.) 

„      (HCl  =  3t)-5  „  „  ) 

„  „      (HCl  =  30-86         „  „  ) 

„      (HCl  =  25  6  „  „) 

„      (HCl  =  15-63         „  „  ) 

Hydrochloric  ac!d  in  isoamvl  oxide  (HCl  =  12-82  p.  c.) 
„      "      „      (HCl  =  10-68     „  ) 

Hydrobromic  acid  (HBr  =  65'59    per  cent.)   

„      (HBr  =  56-0  „       )   

„     (HBr  =  3971  „       )   ........ 

„     (HBr  =  24-6  „        )    

„     (HBr  =  15-47  „        )   

HTdriodic  acid  (HI  =  67-02  per  cent.) 

(HI  =  65-1  „        )    ... 


(HI  =  6t-97 
(HI  =  56  78 
(HI  =  42-7 
(HI  =  31-77 

(HI  =  2077 


Page. 


5-587 
7  492 
5-810 
5-724 
8-761 

3-331 
5  136 

6-096 

7-997 

9  -896 

9-674 

11  -739 

13-624 

10  034 

2-320 

3  "455 

4  9S0 
2-315 

10*159 
10  -196 

19-936 

20  032 

19  -971 

20-049 

18  -9.35 

4-045 

4-215 

4-3U3 

4-405 

4-419 

2-265 

2-211 

7  -669 

8 -061 

8-415 

8-547 

8-519 

17-769 

17-868 

18-117 

18-308 

18-403 

18-451 

18  -428 


697,  732 

698,  732 

699,  733 

700,  736 
700,  734 

701,733 
702,  733 

712,  743 

713,  743 

713,  743 

714,  714 

715,  714 
715,729 

716,  743 

721.  745 

721,  745 

722,  745 
725,  745 

716,  742 

717,  742 

718,  742 

718,  742 

719,  742 

720,  742 
720,  744 

702,  739 

703,  739 

703,  739 

704,  739 

704,  739 

705,  711 

705,  741 

706,  740 

706,  740 

707,  740 

707,  740 
708, 740 

708,  740 

709,  740 
7t)9,  740 

710,  740 

710,  740 
711,740 

711,  740 
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LXIX. — 0)1  tlie  Correspondence  between  the  Magnetic  Rotation  and  the 
Refraction  and  Dispersion  of  Light  by  Compounds  containing 
Nitrogen. 


By  J.  H.  Gladstone,  Ph.D.,  F.R.S.,  and  W.  H.  Perkin,  Ph.D.,  F.R.S. 

The  substances  containing  nitrogen,  tlie  magnetic  rotation  of  which 
was  described  in  Dr.  Perkin's  recent  paper,  have  been  examined  by 
Dr.  Gladstone  with  reference  to  their  refraction  and  dispersion.  The 
following  table  contains  the  refractive  indices  calculated  from  the 
observations. 

Liquid  Substances. 


Propylamine 

Dipropjlamine 

Triprop^  lainine    

Isobutvlamine 

Diisobutylamine 

Allvlamine 

Metlijl-aniline   

Dimetliylaniline 

Pentamethylenediamine 

Piperidine 

Pyridine 

Propionitrile 

Trimethylene  cyanide  . 

Methyl  nitrate 

Ethyl  „     

Propyl         „     

Isobutyl      „     , 

Nitrogiycol 

Kitroglycerin    

Kitroniethane     

Kitroethane    

Nitropro])ane 

Isobutylnitrite 

Chloropicrin 


Temp. 

6-5° 

4  4 

4 

4 

6 

8 

7 

6 

5 

2 

7 

8 

8 

2 

17 

5 

7 

0 

12 

2 

20 

0 

24 

2 

19 

8 

20 

4 

19 

6 

18 

8 

18 

5 

18 

6 

17 

5 

20 

5 

22 

7 

24 

2 

17 

5 

Sp.  gr. 


0-7329 
0-7530 
0-7703 
0  -7437 
0  -7546 
0-7787 
0-9983 
0-9675 
0-8821 
0-8753 
0  -9875 

0  -7843 
0-9858 

1  -2090 
1  -1078 
1  -0569 
1-0165 
1  -4910 
1  -5942 
1-1394 
1  -0489 
1  -0022 

0  -8638 

1  -6623 


Ma- 


-3922 
-4086 
-4197 
•3999 
4109 
-4234 
-5640 
•5514 
•4577 
•4542 
•5037 
•3636 
-4315 
•37U3 
-3805 
-3931 
■3991 
•4417 
-4682 
•3782 
•3875 
•3954 
•3682 
•4577 


•4022 
•4191 
•4306 
•4099 
•4211 
4377 
•5966 
•5834 
•4699 
•4661 
•5254 
•3723 
•4420 
•3809 
•3912 
•4036 
•4099 
•4550 
•4818 
-3898 
-3983 
-4063 
-3784 
•4708 


^H. 


•4111 

•4281 
•4408 
•4188 
•4301 
•4502 
-6324 
-6198 
•4803 
-4757 
-5468 
•3792 
•4506 
•3908 
-4005 
•4134 
•4193 
•4671 
•4945 
•4009 
•4090 
•4164 
•3838 
•4829 


In  addition  to  these  liquids,  the  refraction  was  determined  of  several 
gaseous,  liquid,  or  solid  bodies  dissolved  in  water,  namely,  ethylamine, 
ethylamine  hydrochloride,  diethylamine  hydrochloride,  triethylamine 
hydrochloride,  piperidine  hydrochloride,  hydriodic  acid,  ammonium 
iodide,  ammonium  nitrate,  and  ammonium  sulphate.  In  each  case 
the  solution  was  a  very  strong  one,  so  that  the  probable  error  from 
necessary  dilution  of  the  substance  was  never  great. 
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The  following  table  contains  the  molecular  magnetic  rotation, 
molecular  refraction,  and  the  molecular  dispersion  of  the  substances 
in  question,  together  with  those  of  a  few  others  where  the  three 
properties  have  not  been  determined  from  the  same  specimen ;  the 
latter  are  indicated  by  *. 


Substance. 


*Ainmonia 

*Etliyl!»iiiinc 

*Diethylannne 

•Triethvhiniine 

Propvlaiiiiiie 

Dipropylaiuine   

Tripropvlamine 

Isobutjlainine 

Diisobut  vlamine  

*Aminoniuiii  cliloride    

Ethylamine  liydrocliloiidc  . . 
Diethylamine  ,,  . ,  . . 

Triethvlamine         „  . .  . . 

Tetrethylamiuonitim  chloride 

AllTlamine 

*Aniline 

Metliylanilinc 

Dimetlijlaniliiie 

Pentaiiiethylone  diamine  .... 
Piperidine 

,,  hydrochloride. . . . 

Pyridine 

Propioiiitrile 

Trimethylene  cyanide    

Methyl  nitrate 

Ethyl  „       

Propyl        „       

leobutyl     „       

Nitroglycol 

Nitroglycerin 

Nitrometliane 

Nitroetiiane 

Nitropropane 

Isobutyl  nitrite 

Chloropierin    

Hydrochloric  acid  (3G"5  p.  c.) 
Hydriodie  acid  (651  p.  c.)  .. 
Hydrobromic  acid  (dilute)    . . 

Ammonium  iodide 

*Nitrie  acid 

*Sulplniric  acid 

Ammonium  nitrate 

„  sulphate  


Formula. 


NHj    

NEtIL 

NEt.,H 

NEt' 

NPrH 

NProH   

NPrj 

NBuH., 

NBu.jf 

NIIa"lICl  ... 
NEtH.HCl  . . 
NEt,HHCl  . 
N  Kt^HCl . . .  . 

XEt/'l 

NAllHi 

NCgH; 

NCfiHgMe... 
NCgHjMe.,  .. 
(NH,),(CHo), 

NC5H,, 

NCsH.iHCi  . 

NCsHj 

NC3H5 

(NC).,(CH2),. 

MeNOg 

EtNOj 

PrXOs 

BuXOs 

C,H4(N03).,  . 
C,H.,(X03)3  . 

MeNOj 

EtNOj 

PrNO., 

BuNO'2 

CCljNOo  .... 

HCl 

HI 

HBr 

NH3HI 

HNO3 

H.SO., 

NH3HNO3  .. 
(NH3)2H2S04 


Mol.  mag. 
rotation. 


1-810 
3-(J09 
5 -062 
8-518 
4-503 
7-549 
11  G64 
5-G92 
9-936 
6-096 
7-997 
9-896 
11  -724 
13-626 
5  -587 

16  162 
19  629 
22  -823 

7-492 
5-810 
10-034 
8-761 
3  -331 
5  -136 
2  -057 
3-084 
4-085 
5-180 
3-768 
5  -4(15 

1  •H->H 

2  -837 
3-819 
5-510 
5-384 
4-215 

17  -868 
8  -533 

19  -878 
1-180 
2-315 
2-316 
4-980 


Molecular 
refraction. 


9-03 
24-47 
39-36 
54-62 
31-57 
54-80 
77-91 
39-25 
70-24 
22-33 
37-18 
51-86 
65-78 
80-70 
30  -99 
52-09 
60-45 
68-96 
52-93 
44-11 
56-57 
40-30 
25-50 
41-15 
23-59 
31-26 
39  05 
46-72 
45  -03 
66  -67 
20-25 
27-71 
35-11 
43  -90 
45-29 
14-45 
31-87 
20-65 
39-66 
16-50 
22  -37 
25-23 
39-50 


Molecular 
dispersion. 


0-50 

1-19 

1-96 

2-76 

1-52 

2-62 

3-92 

1-86 

3-29 

1-52 

2-06 

2-69 

3-26 

3-78 

1-96 

5-96 

7-33 

8-55 

2-61 

209 

2-96 

3-44 

1-09 

1-82 

1-30 

1-64 

2-02 

2-36 

2-59 

3-74 

1-22 

1-53 

1-87 

2-35t 

2-50 

1-12 

4-19 

2  19 

4-8SX 

113 

0-97 

1-88 

1-78 


f  Estimated  from  fif  and  ^q. 
J  Estimated  from  /ip. 
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The  object  of  this  table  is  to  draw  attention  to  the  general  cor- 
respondence that  exists  between  tbese  three  diSerent  properties  of  tbo 
substances  in  question;  a  correspondence  that  points  to  some  connec- 
tion between  the  rotation  of  the  polarised  ray  under  ruagnetic 
influence  and  the  retardation  of  the  rays  of  light  in  passing  thcough 
a  material  substance. 

The  three  columns,  though  expressing  different  properties,  are 
really  comparable  with  one  another,,  for  in  each  case  the  observed 
value  is  divided  by  the  density  of  the  substance,  and  it  is  determined 
not  for  equal  weights  but  for  an  equal  number  of  molecules.  This  is 
shown    by    the   formulae   employed    for   reducing    the    observations. 

Molecular  magnetic  rotation  =  -; — — -; ,,  where  r,   Mw,  and   d 

represent  respectively  the  observed  rotation,,  molecular  weight,  and 
density  of  the  substance,  and  r'  and  Mw'  the  corresponding  values  for 
water.     Molecular  refraction,  generally  called  refraction  equivalent, 

=  Mw^^  ~ — ,  and  molecular  dispersion,  or  dispersion  equivalent,  = 
d 

Mw^^  ~  ^^,  where  fi^  and  /^h  ^^^  ^^^  refractive  indices  of  the  lines  A 
d 

and  H  of  the  solar  spectrum.     It  has  been  found,  that  each  property 

is  determined  in  the  first  instance  by  the  a/toraic  composition  of  the 

substance,  so  that  it  may  be  laid  down  as  a  primary  law  that  the 

molecular  magnetic  rotation,  refraction,  or  dispersion  of  a  compound 

is  the  sum  of  the  molecular  magnetic  rotation,  refraction,  or  dispersion 

of  its  constituents.     The  values  which  have  been  deduced  under  this 

primary  law,  mainly  from  the  parafiln -group,  are,  however,  subject  to 

large  modifications,  dependent  upon  differences  in  the  structure  of 

the  compound.     Thus  a  change  of  valency  is  attended  by  a  marked 

change  of  value  in  these  optical  properties,  and  they  are  apparently 

affected  by  some  circumstances  which  are  not  as  yet  recognised  in  our 

structural  formulae. 

From  the  primary  law  above  given,  the  following  values  have  been 

deduced  by  Perkin  for  the  molecular  rotation  of  certain  elements  in 

the  paraffin-group  of  carbon-compounds,  and  against  them  have  been 

placed  the  normal  values  for  their  molecular  refraction  and  dispersion 

arrived  at  by  Landolt,  Briihl,  and  Gladstone, 
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CHo   

C  . .' 

H 

O,  alcoholic 
O,  aldehydic 

CI 

Br 

I 

N,  in  amines 


Molecular 
uiiif;iietic 
rotation. 


■023 
•515 
•25-t 
•104 
•2G1 
•733 
•5fi2 
•757 
•717 


Moleeuhir 
refraction. 


Molecular 
dispersion. 


0  3 1 
0^26 
0-0-t 
0-10 
0  18 
0  50 
1-22 
2^62 
0-38 


A  glance  at  this  tal)^;  will  s-bow  tliat  tlic  three  co'nmns  are  «caite 
independent.  The  relative  fig'tires  for  one  substauce  do  not  coitg- 
spond  with  those  for  another,  although  there  is  a  certain  analogy 
between  them. 

Directly,  however,  that  we  turn  to  the  modifications  that  are  intro- 
duced by  changes  in  the  mode  of  combination,  we  find  tliat  when  a 
change  occurs  in  the  one  property  it  is  noticeable  also  in  the  other 
two,  and  these  changes  are  in  the  same  direction,  though  not  to  the 
same  extent ;  i-n  fact,  the  variations  in  the  magnetic  rotation  are 
usually  greater  than  those  in  the  dispersion,  and  these  again  are 
much  more  marked  than  in  the  refraction. 

This  was  first  observed  by  us  some  years  ago.  It  struck  us  as  a 
remarkable  coincidence  that  the  separate  investigations  showed  two 
different  values  for  oxygen  in  alcohols  and  aldehydes,  and  that  there 
was  a  very  great  exaltation  of  the  values  in  the  case  of  unsaturated 
carbon-compounds,  such  as  those  containing  allyl.  We  observed  also 
that  the  value  of  CHo  in  the  first  and  second  member  of  the  homologous 
series  (such  as  the  alcohols,  the  fatty  acids,  &c.)  was  different  from 
its  value  in  the  higher  members  of  the  same  series,  and  that  these 
differences  were  always  in  the  same  direction.  We  have  since 
noticed  also  that  where  there  was  an  abnormally  large  molecular 
rotation,  as  in  methylene  iodide,  thei-e  is  an  abnormally  laige  mole- 
cular refraction  and  dispersion. 

Nor  have  we  been  the  only  observers  who  have  been  aware  of  some 
connection  between  the  two  sets  of  phenomena.  H.  Becquerel,  in  his 
"  Experimental  Researches  on  Magnetic  Rotatory  Polarisation," 
printed  in  the  Aim.  Ghem.  Phijs.,  of  1877,  drew  up  a  table,  which 
showed  a  certain  rough  relarionship  between  thar  property  and  the 
refractive  index.  But  as  he  took  no  account  of  differences  in  density 
or  molecular  weight,  be  failed  to  recognise  the  connection  between 
these  and  chemical  constitution. 
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Kanonnikoff  (J.  Fuss.  Cliem.  Soe.,  1888)  also  has  pointed  out  some' 
curious  relatious  between  the  specific  rotatory  and  the  refractive 
power  of  those  chemical  substances  which  under  ordinary  circum- 
stances exhibit  circular  polarisation.  But  this  kind  of  rotation 
appears  to  be  a  totally  difi'erent  phenomenon  from  that  produced  by 
exposure  in  a  magnetic  field. 

The  series  of  compounds  containing  nitrogen  seem  to  afford  a 
remarkably  good  opportunity  for  comparisons,  and  the  results  have 
exceeded  our  expectations.  We  propose  now  to  consider  only  the 
more  salient  points,  leaving  the  smaller  questions  for  future  con- 
sideration. 

I.  Compound  Ammonias. — At  the  commencement  of  the  second 
table  will  be  found  two  good  series  of  compound  ammonias,  the  one 
resulting  from  the  successive  substitution  of  ethyl  for  hydrogen,  and 
the  other  from  successive  substitution  of  propyl.  The  difference  for 
the  first  is  C2H4,  and  for  the  second  CaHe,  and  the  value  of  these 
groups  is  found  by  subtracting  the  figures  for  ammonia  from  those  for 
etliylamine,  ethylamine  from  diethylamine,  &c.  In  every  instance 
there  is  an  increase,  and  these  are  given  by  the  following  table : — 


Molecular 
magnetic 
rotation. 

Molecular 
refraction. 

Molecular 
dispersion. 

1-799 
2-053 
2-856 

15-44 
14-89 
15-26 

0-69 

2nd                       

0-77 

3rd           ,,           

0-80 

2  046 

15-2 

0-68 

2-753 

2-986 
4-115 

22-54 
23-23 
23-11 

1-02 

„       2nd          „           

3rd                        

1-10 
J  -30 

Normal  increase  for  CjHg 

3-069 

22-8 

1-02 

A  noteworthy  fact  here  is  the  rapid  augmentation  of  the  molecular 
rotation  for  each  additional  C2H4  or  CsHe.  The  same  is  clearly  indi- 
cated also  in  the  molecular  dispersion.  It  is  doubtful  in  the  molecular 
refraction,  but  the  irregularities  of  the  numbers  are  such  as  may  be 
due  to  experimental  error. 

II.  Hydrochlorides  of  the  Compound  Am^monias. — The  increase  for 
each  addition  of  C2H4  in  this  series  is  as  follows,  starting  from 
ammonia  hydrochloride : — 
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.M..Kvul:ir 

magnetic 

rotation. 

Moleiular 
refraction. 

iMoK-cular 
dispL-rsiun. 

Ethyl,  1st  substitution 

1  -i'Ol 

14-85 
14-68 
13  02 
14-92 

0  -54 

„       2ncl           „            

1  -SllV) 
1  -828 
1   002 

0  -63 

„       3rd            „            

0-57 
0-52 

„       4tli            „            

Normal  increase  for  C2H4 

2-046 

15-2 

0-68 

The  numbers  were  obtained  from  the  examination  of  these  salts  in 
aqueous  solution. 

In  this  series,  unlike  the  preceding,  there  is  no  progression  in  the 
increase,  the  additional  amounts  remaining  about  the  same  in  regard 
to  the  rotation,  refraction,  and  dispersion.  There  is  also  another 
point  of  correspondence  between  the  three  optical  properties.  In  the 
case  of  each  of  them  the  increase  never  amounts  to  the  theoretical 
quantity. 

HI.  Compound  Anilines. — The  short  series  of  methvlanilines  gives 
the  following  increases  for  each  addition  of  CH^,  starting  from 
aniline. 


Molecular 
magnetic 
rotation. 

Molecular 
refraction. 

Molecular 
dispersion. 

Ist  substitution 

3-467 
3-194 

8-36 
8-51 

1  -37 

2nd          „           

1  -22 

Normal  increase  for  CH; 

1023 

7-6 

0-34 

Here  the  increase  in  the  molecular  rotation  for  each  CHj  is  more 
than  three  times  that  which  is  usually  observed  in  a  series  belonging 
to  the  paraffin  group.  An  equally  large  augmentation  is  manifest  in 
the  molecular  dispersion,  and  a  very  visible  increase  occurs  in  the 
refraction.  This  exaltation  of  the  dispersion  equivalent  of  CH2  in 
some  members  of  the  aromatic  group  was  observed  by  Gladstone  and 
Dale  as  far  back  as  186G. 

IV.  Unsaturated  Carbon  Compounds. — The  table  includes  three  very 
different  examples  of  unsaturated  carbon  compounds,  allylamine, 
pyridine,  and  aniline  with  its  substitution  compounds.  In  each  case 
the  observed  value  is  considerably  greater  than  that  which  would  be 
calculated  from  the  normal  values  for  carbon,  hydrogen,  and  ammonia 
in  the  paraffin  series. 
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AUylamine 
Prridine  . . 
Auiline  . .  . 


Moleculiir  rnaguetic 
rotatiou. 

Mol 
refr 

eciilar 
iction. 

Molecular 
dispersion. 

Found. 

Calculated. 

Found. 

Calculated. 

Found. 

Calculated. 

5-587 

8-761 

16  -162 

4-040 
4-562 
5-585 

30-99 
40  -30 
52-09 

29-23 
36-63 
44  -23 

1-96 
3-44 
5-96 

1-44 

1-88 

2  -22 

It  will  be  observed  not  only  that  there  is  a  great  increase  in  each 
case,  but  that  -whilst  in  allylamine,  where  there  is  only  one  pair  of 
doable-linked  carbon  atoms,  the  increase  is  considerable,  in  aniline, 
where  there  are  three  such  pairs,  the  increase  in  rotation  and  disper- 
sion is  about  seven  times  as  much,  and  in  refraction  the  increase  is 
more  than  four  times  as  great. 

V.  Nitriles  compared  witli,  Ammonias. — It  was  observed  many  years 
ago  that  the  refraction  equivalent  of  nitrogen  in  nitriles  and  cyanides 
was  smaller  than  in  the  nitrogen  bases,  and  this  observation  was 
recently  extended  to  the  dispersion  equivalent.  The  second  table 
affords  two  opportunities  of  testing  this  in  regard  to  the  molecular 
magnetic  rotation,  namely,  propionitril  and  trimethyleoe  cyanide. 
By  subtracting  the  normal  values  for  hydrogen  and  carbon  from  the 
observed  values  for  these  compounds  we  obtain  the  values  of 
nitroo-en. 


Nitrogen. 


From  amines 

,,      propionitrile 

,,      trimeilij'lene  cyanide 


Molecular 
magnetic 
rotation. 


0-717 
0-516 
0-518 


Molecular 
refraction. 


4-9 
4  0 
4-2 


Molecular 
disuersion. 


0-38 
Oil 
0-14 


VI.  Nitric  Ether  Series. — There  is  a  good  homologous  series  in  the 
second  table,  commencing  with  methyl  nitrate.  Assuming  nitric 
acid  to  be  the  first  member  of  the  series,  we  obtain  the  following 
values  for  each  addition  of  CHo. 
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Ist  addition 

2nd       „        

3rd        „        

4th        „        (Isobutyl) 

Normal  increase 


IMolecular 
niiif^netic 
rotation. 


0-S77 
1  027 
I  -uol 

1  -o;i5 


1023 


Molecular 
refraction. 


7-1 

7-07 
7-79 
7-07 


7-6 


Molecular 
dispersion. 


0  17 
0-34 
0-38 
0-34 


0-34 


Here  there  are  two  points  of  correspondence  to  be  cpecially  noted. 
It  is  evident  that  neither  in  the  magnetic  rotation,  refraction,  nor 
dispersion  does  the  first  addition  of  CHo  produce  the  normal  increase  ; 
but  -whilst  this  normal  increase  is  found  in  each  of  the  successive 
additions,  they  are  all  practically  alike,  and  there  is  no  continuous 
augmentation  of  the  increase  as  in  the  case  of  the  compound  ammonias. 
An  exception  to  this  last  remark  is.  however,  the  inci-ease  in  molecular 
rotation  (1-095)  observable  in  isobutylic  nitrate.  This,  like  the  iso- 
compounds  in  general,  is  somewhat  higher  than  the  normal  value,  a 
difference  not  perceptible  in  the  refraction  and  dispersion. 

Vll.  Isnhufijl  Nitrite  and  Nitrate. — Though  there  are  several  NOj 
compounds  in  the  table,  there  is  only  one  true  nitrite,  that  of  isobutyl. 
In  his  paper.  Dr.  Perkin  has  drawn  especial  attention  to  the  fact,  that 
thoDgh  this  substance  contains  an  atom  of  oxygen  less  than  the 
isobutyl  nitrate,  it  has  a  greater  molecular  magnetic  rotation.  This 
is  attributed  to  the  fact  that  the  nitrogen  is  satui-ated  in  one  case  and 
not  saturated  in  the  other.  The  difference  between  the  two  is  shown 
below  for  each  of  the  optical  properties. 


^lolecular 
magnetic 
rotation. 

Molecular 
refraction. 

Moleciilar 
dispersion. 

Isobutyl  nitrite 

5-510 
5-180 

43-90 

40-72 

2  -35 

,,         nitrate 

2  -30 

Diiference  for  0 

-0-330 

+  2-82 

+  0  01 

Normal  difference , 

+  0-261 

+  3-4 

+  0-18 

Whilst  the  addition  of  oxygen  has  caused  an  actual  diminution  in 
the  magnetic  rotation,  it  has  given  only  a  doubtful  increase  in  the 
dispersion  and  an  increase  on  the  refraction  considerably  below  the 
normal  for  aldehydic  oxygen.  The  three  results,  though  apparently 
different,  are  in  the  same  direction. 

VOL.  LV.  3   G 


758     CORRESPONDENCE   BETWEEN   MAGNETIC   ROTATION,   ETC. 

The  nitro-compounds  themselves  differ  from  one  another  to  the 
usual  extent  in  i-egard  to  all  three  optical  properties. 

VIII.  Acids  and  their  Ammonium  Salts. — It  was  among  the  earliest 
observations  on  refraction  equivalents  that  the  halogen  acids  in  solu- 
tion gave  abnormal  figures,  far  higher  than  those  deducible  from  the 
compounds  of  the  halogens  with  organic  radicals.  The  same  is  now 
shown  to  hold  good  for  their  molecular  magnetic  rotation.  It  is  also 
found  that  these  values  increase  with  the  dilution  of  the  acid  up  to  a 
certain  extent ;  and  in  the  following  tables  the  higher  values  are  used. 
The  calculated  values  for  the  magnetic  rotations  are  for  the  free  acids 
(see  p.  739). 


Molecular  magnetic 
rotation. 

Molecular 
refraction. 

Molecular 
dispei-sion. 

Found.    Calculated. 

Found. 

Calculated. 

Found. 

Calculated. 

Hydrocliloric  acid 
Hvdrobromic  acid 
Hjdriodic  acid  . . 

4-412 

8-533 

18  -435 

2-187 
4-016 
8-211 

14-45 
20-65 
31-87 

11-2 

16-6 
25-8 

1-12 
2-19 

4-19 

0-54 
1-26 
2-66 

Dr.  Pei'kin  has  shown  that  these  acids  in  combining  with  ammonia 
or  piperidine  retain  their  abnormal  values,  and  combine  with  but  little 
condensation.  How  far  this  is  true  for  the  other  optical  properties  is 
shown  in  the  following  table.  The  calculated  numbers  are  the  values 
of  the  base  and  acid  added  together. 


Molecular  magnetic 
rotation. 

Molecular 
refraction. 

Molecular 
dispersion. 

Found. 

Calculated. 

Fo 

und. 

Calculated. 

Found. 

Calculated. 

NH3  +  HCl 
NH3  +  HBr. 

6-096 
10-177 

6-230 
10  -351 
20  -253 
10  -222 

12  -930 

22 

28 
39 
56 

65 

-33 
-53 

•66 
•43 

•78 

23-48 
29-68 
40-90 
58-56 

69-07 

1-52 
2  49 

4-88 
2-96 

3-26 

1-62 
2-69 

NH3  +  HI.. 

Piperidine  + 

Triethyiamin 

+  HCl  . . . 

Hci 

19  -996 

10  034 

11  -739 

4-69 
3-21 

3-88 

The  correspondence  is  again  seen  in  these  cases,  and  all  the  three 
optical  properties  indicate  that  although  there  is  but  little  condensa- 
tion in  the  case  of  ammonia  and  hydrochloric,  hydrobromic,  or  hydr- 
iodic  acid,  yet  there  is  con.siderable  condensation  in  the  case  of  the 
triethylamine-compound  with  hydrochloric  acid. 
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IX.  Hydrochloric  Acid  in  Solution. — Although  hydrochloric  acid, 
when  dissolved  in  water,  has  a  far  greater  efi'oct  on  light  than  could 
have  been  expected,  it  has  recently  been  found  that  when  dissolved 
in  isoamyl  oxide  it  rotates  the  plane  of  polarisation  to  very  little 
more  than  the  theoretical  extent.  On  examining  the  refraction  and 
dispersion,  a  still  closer  agreement  with  theory  became  manifest. 


Hydrochloric  acid. 

Molecular 
magnetic 
rotation. 

Molecular 
refraction. 

Molecular 
dispersion. 

In  water 

4-412 
2  •2,3S 

2  1S7 

14  45 
11-36 
11-2 

1  12 

In  isoamTloxide 

Ey  calculation  for  free  acid    .... 

0-51 
0-54 

These  nine  cases  of  comparison  all  represent  different  kinds  of 
departure  from  what  we  consider  the  normal  values.  They  have 
shown  a  very  marked  correspondence  between  the  three  optical  pro- 
perties of  the  substances  examined.  They  have  also  revealed  differences 
in  detail,  and  it  is  only  fair  to  add  that  other  peculiarities  in  the 
molecular  magnetic  rotation  exist  which  are  not  represented  by  similar 
peculiarities  in  the  refraction  and  dispersion.  But  these  exceptions 
are  of  such  a  limited  character  thai  on  a  re-examination  of  the  matter 
with  fresh  specimens,  and  with  vai-ied  conditions,  it  is  quite  conceiv- 
able that  they  may  disappear. 

It  may  therefore  be  laid  down  as  generally,  if  not  always,  true,  that 
where  there  is  a  dejDarture  from  the  normal  values  in  regard  to  one 
or  other  of  these  properties,  it  is  to  be  found  in  the  other  two.  The 
different  properties  are  evidently  similarly  affected  by  change  in 
chemical  constitution.  The  general  drift  of  the  whole  comparison 
appears  to  us  to  lead  irresistibly  to  the  conclusion  that  we  have  here 
another  close  relationship  between  electro-magnetism  and  the  velocity 
of  lifrht. 


LXX. — On  PhospJwryl  Trifluoride. 
By  T.  E.  Thorpe,  F.R.S.,  and  F.  J.  Hambly. 

The  existence  of  oxyfluoride  of  phosphorus  was  first  definitely  estab- 
lished by  Moissan,  who  obtained  it  by  the  action  of  the  electric  spark 
upon  a  mixture  of  phosphorus  trifluoride  and  oxygen.  On  passing 
the  induction  spark  into  a  mixture  of  2  vols,  of  the  trifluoride  and 
1  vol.  of  oxygen  standing  over  mercury,  a  violent  explosion  occurs, 
aud  the  new  gas  is  produced.      {Gompt.  rend.,  102,  1245.) 

3  G  2 
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la  a  paper  oa  the  Oxidation  of  Haloid  Salts  in  the  Journal  fur 
praktisclie  Ghemie,  1880,  21,438,  Schulze  has  described  the  behaviour 
of  vainons  oxides  upon  haloid  salts  in  absence  of  oxygen,  and  states 
that  on  heating  fluorides  with  molybdic  oxide  and  phosphoric  oxide, 
oxyflnoride  of  molybdenum  and  oxyfluoride  of  phosphorus  were 
obtained.  No  description  of  the  properties  of  these  compounds  is 
given,  nor  do  any  analytical  observations  appear  to  have  been  made. 

We  find  that  phosphorus  oxyfluoride  can  be  easily  obtained  by 
heating  an  intimate  mixture  of  cryolite  and  phosphorus  pentoxide. 
The  materials,  in  the  proportion  of  2  parts  of  the  finely-powdered 
cryolite  and  3  parts  of  phosphoric  oxide,  are  placed  in  a  brass  tube 
and  gently  heated.  The  gas  is  readily  disengaged,  and  as  soon  as  that 
which  is  evolved  is  wholly  absorbed  by  caustic  soda  solution,  the  rest 
may  be  collected  at  the  mercurial  trough.  That  the  gas  so  obtained 
is  practically  pure  is  shown  by  the  following  numbers  : — 

Observed.  Calculated. 

Vapour  density 52 "3  52'0 

Determination  of  phosphorus — 

Preparation  I 30-3G  p.  c.  29-81 

Preparation  II 30"06     ,,  — 

This  method  of  obtaining  phosphorus  oxyfluoride  is  analogous  to 
that  by  which  Kolbe  and  Lautemann  prepared  the  oxychloride 
{Anyialen,  113,  240),  namely,  by  heating  phosphoric  anhydride  with 
common  salt : 

2P,05  +  SNaCl  =  POCI3  -h  3NaP03. 

We  had  intended  to  have  completed  our  study  of  this  gas  before 
offering  any  communication  on  the  subject,  but,  as  we  are  no  longer 
in  a  position  to  work  in  concert,  we  have  ventured  to  lay  this  short 
preliminary  note  before  the  Society.  One  of  us,  however,  trusts, 
in  a  short  time,  to  be  able  to  present  the  results  of  a  fuller  investi- 
gation. 


LXXI. — OxyamidosulpTionates  and  their  Conversion  into  Hypondtrites. 
By  Edward  Divers,  M.D.,  F.R.S.,  and  Tamemasa  Haga,  F.C.S. 

Ix  our  paper  on  the  Reaction  between  Sulphites  and  Nitrites  of  Metals 
other  than  Potassium  (Ti-atis.,  1887,  51,  659),  we  gave  notice  of  our 
intention  to  work  on  the  reactions  with  the  sodium  salts.  This  we 
have  done,  and  are  already  in   a  position  to  materially  extend   and 
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modify  our  knowledge  of  tlie  chemistry  of  the  sulphazotised  com- 
pounds contained  in  the  writings  of  our  predecessors  in  the  investiga- 
tion, Fremy  (A7in.  Chim.  Plnjs.  [3],  15,  408),  A.  Clans  and  Koch, 
(Annalen,  152,  336;  158,  52  and  194),  Berglund  {Hull.  Soc.  Chim., 
25,  455;  Ber.,  9,  252  and  1890),  and  Rascliig  (Annalen,  241,  161). 
We  propose  to  publish  our  contribution  to  this  large  subject  in  a  few 
short  papers,  like  the  present,  each  complete  in  itself. 

Oxyamidostdphonates,  tbe  subject  of  the  pi'esenfc  paper,  are  the 
sulpha zidates  of  Fi'emy,  the  sulphydroxylamates  of  Claus,  the  hydroxyl- 
amine-Tnonosulphonates  of  Raschig.  Between  the  one  set  of  terms — 
nitrilo-,  imido-,  and  amido-  oximido-  and  oxyamido-sulphotiates — and 
the  other  set — amine-  and  hydroxylamine-  tri-,  di-,  and  mono-sulpho- 
nates — there  is  not  much  to  choose.  As,  however,  it  is  desirable,  on  the 
score  of  consistency,  to  employ  exclusively  either  one  set  or  the  other, 
the  use  already  prevalent  of  nitrilo-,  imido-,  and  amido-sulphonate 
makes  it  advisable  to  employ  the  term  oximido-  and  oxyamido-sul- 
phonate  rather  than  hydroxylamine-  di-  and  mono-sulphonate. 

Oxyamidosulyhonic  acid,  known  only  in  solution,  was  first  prepared 
by  Fremy,  who  found  that  potassium  oximidosulphonate  (neutral 
sulphazotate)  sooner  or  later  decomposed  into  aoid  sulphate  and  the 
oxyamido  salt,  the  change  taking  place  at  once  when  the  solution  was 
boiled.  Altering  the  atomic  weights  to  those  now  accepted,  and 
writing  empirically  his  formulae,  to  which  he  attached  no  constitu- 
tional significance,  his  equation  becomes — 

SsC^K^HioNo  =  S.O.K.HoNo  +  2KHS0i  +  H^.SOi.* 

Claus  has  shown,  however,  that  these  formiila?  do  not  correctly  repre- 
sent the  composition  of  tbe  salts  ;  and  Raschig  has  confirmed  Claus's 
statement.  The  two  formnloB  corrected  stand  as  S40iijK4HioN2 
and  S^O^KoHiN-j,  or  HON(:SO,K),(OH,),  and  HONHCSOaK),  accord- 
ing to  Claus.  The  latter  formula  we  find  it  necessary  to  modify 
slightly. 

To  get  the  oxyamidosulphonic  acid  pure  for  the  preparation  of  its 
salts,  Fremy  neutralised  the  hydrolysed  solution  of  potassium  ox- 
imidosulphonate with  ammonia,  added  barium  chloride,  filtered  oif 
the  sulphate,  and  then,  by  the  addition  of  baryta- water,  threw  down 
a  precipitate  of  a  dibarium  oxyamidosulphonate.  This  salt  when 
washed  was  decomposed  by  adding  just  enough  sulphuric  acid  to 
combine  with  the  barium  ;  the  filtered  solution  of  the  new  acid  being 
used  for  preparing  the  salts  by  combining  it  with  the  corresponding 
bases.     The  acid  appears   to  be  the  only  sulphoxyazotised  acid  pos- 

*  He  recognised  the  peculiarity  and  importance  of  this  first  instance  of  what  we 
now  stvle  the  hvdroljsis  of  a  sulphonate  into  a  sulphate. 
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sessing  any  stability.  Claus  inti'oduced  a  slight  modification  in 
Fi'emy's  process  by  omitting  the  preliminary  neutralisation  with 
ammonia. 

As  we  have  discovered  a  second  barium  salt,  which  is  neutral  and 
soluble,  we  treat  the  barium  precipitate  in  a  different  way  and 
thereby  avoid  the  contamination  of  the  salts  with  sulphite,  as  the 
latter  is  always  present  in  Fremy's  barium  precipitate  (see  the  sec- 
tion of  this  paper  headed  "  Decomposition  of  Oxyamidosulphonates  by 
Alkaline  Bases,"  p.  765).  The  dibarium  salt  is,  as  found  by  Fremy, 
very  alkaline  to  litmus,  and  we  add  to  it  only  enough  sulphuric  acid 
to  remove  half  the  barium  as  sulphate,  getting  a  neutral  solution 
which  contains  only  monobarium  oxyamidosulphonate ;  from  this 
the  acid  and  its  salts  can  be  prepared  by  adding  the  equivalent 
quantity  of  sulphuric  acid  or  a  sulphate.  In  order  to  determine 
the  quantity  of  sulphuric  acid  required,  it  is  necessary  to  estimate 
the  barium  in  a  portion  of  the  solution. 

Raschig  prepares  an  impure  acid  from  Fremy's  solution  obtained 
by  boiling  potassium  oximidosulphonate  so  as  to  hydrolyse  it  into 
potassium  sulphate  and  oxyamidosulphonate.  To  do  this  he  removes 
the  potassium  sulphate  by  alcohol,  and  then  concentrates  the  solution 
of  the  acid  to  a  syrupy  consistence. 

SodiuTn  oxyamidosidplwnate,  as  prepared  by  Fremy  and  by  us,  is 
a  clear,  gummy  liquid,  as  viscous  as  molasses  ;  this  when  exposed 
over  sulphuric  acid  under  diminished  pressure,  never  solidified  or 
showed  any  sign  of  crystallisation.     It  is  neutral  in  reaction. 

Potassium  oxyamidosulphonate,  prepared  and  analysed  by  Fremy,  by 
Claus,  and  by  us,  when  crystallised  from  its  hot  solution  forms  six- 
sided  plates,  as  stated  by  Fremy,  but  the  plates  are  more  often 
square  ;  by  spontaneous  evaporation  of  the  cold  solution,  however, 
thick  tables  and  bold  prisms  are  obtained.  Claus  found  the  crystals 
to  be  anhydrous,  and  Fremy's  analysis  and  formula  agree  with  this 
observation.  Fremy's  analytical  results  cannot  be  relied  on,  how- 
ever, and  we  have  already  had  to  give  an  instance  of  this  in  the 
present  paper,  and  shall  have  to  give  others.  We  differ  from  Claus, 
inasmuch  as  we  find  that  all  the  crystals  of  this  salt  eflBoresce  slowly 
over  sulphuric  acid,  and  on  analysis  give  results  indicating  the 
presence  of  1  mol.  II2O.  The  solutions  show  a  great  tendency  to 
supersaturate,  and  it  often  becomes  very  difficult  to  crystallise  them. 
When  thoroughly  dry,  the  crystals  can  be  kept  for  months  without 
undergoing  much  change,  but  if  moist  they  ai-e  unstable,  hydrolysing, 
and  becoming  acid  to  litmus.  The  acidity  developed  is  that  of 
hydroxyammonium  sulphate,  hardly  showing  with  methyl-orange. 
When  heated,  they  suddenly  intumesce  below  100°,  and  are  com- 
pletely decomposed. 
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To  determine  the  sulphur  and  nitrogen,  we  hydroljsed  the  salt  by 
heating  it  in  a  sealed  tube  -with  hydi'ocbloric  acid  at  130°,  following 
Rasohig's  process,  which,  however,  gives  somewhat  irregular  z'esults, 
as  we  afterwards  found  (see  the  analysis  of  the  dibarium  salt). 
The  hydroxylamiue  thus  produced  was  estimated  by  iodine  after 
addition  of  potassium  h^^drogen  carbonate.  Water  could  not  be 
removed  by  exposure  over  sulphuric  acid,  at  the  ordinary  temperature 
and  pressure,  rapidly  enough  to  be  convenient  for  analytical  purposes  ; 
this  and  other  sulphazotised  salts  retaining,  according  to  our  ex- 
perience, part  of  their  water  of  crystallisation  with  great  tenacity. 
Neither  could  the  water  be  conveniently  driven  off  in  the  oven, 
because  of  the  decomposition  of  the  salt  at  about  95°  ;  we  made 
a  fairly  good  estimation  of  it,  however,  by  moderately  heating  the 
salt  in  a  Sprengel-vacuum  in  a  long,  bulbed  tube  containing  also 
sulphuric  acid.     The  following  is  a  table  of  our  results : — 


H0XH(S03K),0Ho. 

a. 

I 

(                          ^ 

Potassium 

23  -08 

7-58 

18-91 

10-39 

22-53* 

7-34 

17-96 

23-45 
7-69 

19-76 
9-29 

Sulphur 

7-56 

Oxyamidogen,  HONH  .  . . 
Water 

17-50 

Sample  a  was  in  prisms,  6  in  tabular  crystals.  We  have  given 
much  consideration  to  Claus's  results,  apparently  carefully  obtained, 
bat  we  are  unable  to  offer  any  explanation  of  their  difference  from 
ours.  We  have  prepared  the  salt  in  winter  and  in  summer  (when 
he  found  it  difficult  to  work),  by  evaporation  of  cold  solutions  and  by 
cooling  hot  solutions,  and  have  always  obtained  crystals  which 
slowly  effloresced  in  the  desiccator. 

Dibarijim  oxijamidosulphonate,  prepared  by  Fremy  and  by  us,  is  a 
crystalline,  alkaline,  nearly  insoluble  salt.  It  dissolves  in  hydro- 
chloric acid,  and  then  shows,  by  the  odour  evolved,  the  presence  of 
sulphite  as  an  impurity,  varying  from  a  trace  only  to  a  considerable 
quantity.  The  only  analytical  datum  given  by  Fremy  is  that  the  salt 
is  formed  from  one  equivalent  of  acid  and  two  equivalents  of  baryta. 
We  have  analysed  it  and  found  for  it  a  composition  agreeing  with 
the  formula  given  by  Fremy  less  the  Hj  by  which  his  formulas 
generally  exceed  those  now  adopted. 

In  this  analysis  and  that  of  the  following  salt,  we  slightly  modified 
the  method  of  hydrolysis  so  as  to  get  uniform   and  higher  numbers 

*  Slight  loss  of  potassium  sulphate  during  cooling  known  to  have  occurred. 
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for  the  hydroxylaraine.  The  modification  consisted  in  heating  for 
some  time  with  hydrochloric  acid  at  100°  before  raising  the  tempera- 
ture to  130°.  We  find  that  hydroxyammonium  sulphate  itself  may 
be  rapidly  heated  with  acid  to  130°,  or  even  higher,  without  getting 
low  results,  from  which  it  would  appear  that  at  the  moment  of  its 
formation  at  130°  from  its  sulphonic-derivative,  hydroxylamine  is 
less  stable  than   when  already    formed.       The   constitution   of    the 

dibarium  salt  is  expressed  by  the  formula  Ba<^j^)Q,T\.oQi^Ba,0H3. 

Calculated.  Found. 

Barium 5331  53-13 

Sulphur 12-45  12-41 

Oximidogen,  HON 1206  1202 

Barium  oxijamidosulphonate,  prepared  by  us,  in  solution  first,  as 
already  described  in  this  paper  (p.  762),  by  adding  just  enough  sul- 
phuric acid  to  the  dibarium  salt  to  remove  half  its  barium.  The 
neutral  liquid  thus  obtained  yields  crystals  of  the  salt  on  evaporation 
over  sulphuric  acid;  it  is  very  soluble,  and  forms  small,  hard,  bril- 
liant, square,  tabular  crystals  intermixed  with  minute  square  prisms  ; 
the  crystals  contain  water.  When  long  kept,  it  decomposes.  Heated 
nearly  to  100°,  it  suddenly  and  violently  decomposes  into  gases  and 
barium  sulphate. 

In  analysing  it,  the  barium  was  determined  in  one  case  by  igniting 
it  with  sulphuric  acid  (a)  ;  in  two  cases  the  salt  was  slowly  heated 
with  dry  sodium  carbonate,  whereby  oxygen  was  absorbed  from  the 
air,  after  which  the  heat  was  raised  until  the  mixture  fused,  and  the 
barium  and  sulphur  were  then  both  determined  (6)  ;  in  another  case 
the  salt  was  hydrolysed  by  heating  with  hydrochloric  acid,  the 
separated  barium  sulphate  (representing  all  the  barium  and  half  the 
sulphur  of  the  salt)  weighed,  the  other  half  of  the  sulphuric  acid 
precipitated  with  barium  chloride,  and,  lastly,  the  hydroxylamine 
titrated  wath  iodine  (c).      The  results  were  the  following:  — 


(HONHS03)2Ba,OH2. 

a. 

b. 

c. 

Barium 

36  -15 
16-88 
16-88 

36-17 

36-27 

16-84 

35-88 
16-65 

35  -53 

16-49 

Oxyamidogen,  HONH 

16-50 

The  Hydrolysis  of  Oxy amidosulphonic  Acid. 

Although  oxyamidosulphonic  acid  is  relatively  stable,  the  fact  that 
its  solution   does  decompose  was  fully  noticed  by  Fremy.     Raschig 
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has  fouud  that  the  decomposition  proceeds  sharply,  and,  in  presence 
of  hot  acid,  rapidly,  according  to  the  equation — 

2HONHSO3H  +  2H,0  =  (NH,OH)2S04  +  H.SO^. 

With  this  important  observation  we  fully  agree  from  experience. 
Fremy  stated  that  when  the  acid  is  boiled  with  water  it  decomposes 
wholly  into  acid  ammonium  sulphate,  and  oxygen  or  hydrogen  per- 
oxide. His  finding  ammonia  and  oxygen  (or  any  gas)  cannot  be 
explained.  He  appears  to  have  tested  for  hydrogen  peroxide  by 
adding  manganese  dioxide,  Avhich  would  account  for  his  finding  it, 
since  an  eftervescencc  of  nitrous  oxide  might  easily  pass  for  one  of 
oxygen. 

Claus  expressed  his  hesitation  to  accept  Fremy's  equation  (  modi- 
fied)—2H0NH(S0,H)  +  2H2O  =  2(NH4)HSOi  4-  O2— as  quanti- 
tative, but  at  the  same  time  adinicted  that  he  had  also  obtained 
(besides  sulphuric  acid)  ammonia  and  oxygen  (or  nitrous  oxide). 
Raschig  got  other  results,  as  already  stated,  and  did  not  find  either 
ammonia,  or  oxygen  or  nitrous  oxide.  These  inexplicable  differences 
have  their  parallel  in  what  is  contained  in  the  next  section  of  this 
paper,  only  there  the  differences  noticed  arise  between  ourselves  and 
the  other  workers. 

In  presence  of  hydrogen  potassium  carbonate,  oxyamidosulphonates 
react  with  iodine  solution  like  a  hydroxylamine  salt,  only  very  much 
more  slowly  ;  so  that  their  amount  can  be  titrated  in  this  way,  without 
previous  hydrolysis,  though  only  with  difficulty. 

Decomposition  of  Oxyamidosulphonates  hy  Alkaline  Bases. 

The  decomposition  of  oxyamidosulphonates  by  a  solution  of  potas- 
sium hydroxide  appeared  to  have  been  fairly  well  woi'ked  out  when 
we  came  to  give  attention  to  it.  Fremy  had  observed  that  when 
heated  with  excess  of  this  reagent  the  potassium  salt  disengaged 
ammonia  as  well  as  oxygen,  of  Avhich,  as  he  says,  he  had  established 
the  absolute  purity  by  analysis.  Hence  it  seemed  that  oxyamido- 
sulphonates undergo  the  same  decomposition  when  heated  with  alkali 
as  when  heated  with  acid. 

Lessen  had  just  discovered  hydroxylamine  when  work  on  the 
sulphazotised  compounds  was  taken  up  by  Claus,  and  this  circum- 
stance led  the  latter  to  see  in  the  reaction  between  potassium 
hydroxide  and  Fremy's  sulphazidate,  as  observed  by  Fremy  and  by 
himself,  most  convincing  evidence  that  the  salt  is  constituted  as  a 
sulphonic  derivative  of  hydroxylamine,  and  is  decomposed  by  the 
action  of  alkali  into  this  base  and  potassium  sulphate.  He  did  not, 
he  admits,  succeed  in  isolating  the  hydroxylamine  or  any  of  its  salts, 
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but  he  found  all  the  sulphur  of  the  sulphazidate  converted  into  sul- 
phate, and  the  other  compounds  in  just  the  same  proportions  as  Lessen 
had  found  when  hydroxy lamine  is  decomposed  by  heating  with  alkali, 
namely,  ammonia  equivalent  to  between  a  third  and  a  half  of  the 
total  nitrogen,  and  gases  which  neither  extinguished  nor  rekindled  a 
glowing  match,  and  were,  therefore,  not  the  pure  oxygen  of  Fremy's 
finding,  but  might  well  be  nitrogen  mixed  with  nitrous  oxide  as 
required  on  the  supposition  made.  Added  to  this  wns  the  fact  of 
the  reducing  action  which  the  alkaline  mixture  exerted  upon  copper 
and  silver  salts,  and  the  proof  seemed  complete. 

Raschig,  in  his  recent  paper,  went  further  in  the  matter  than  Clans, 
and,  with  or  without  experimental  evidence — for  we  cannot  decide 
from  his  words — concluded  that  an  (unbeated)  alkaline  solution  of 
oxyamidosulphonic  acid  is  actually  a  solution  of  free  hydroxylamine, 
the  latter  being  present  in  the  quantity  calculated  from  the  amount 
of  the  acid  taken,  and,  therefore,  just  such  a  solution  of  hydroxyl- 
amine as  is  wanted  for  preparing  aldoximes  and  acetoximes. 

Now,  with  two  exceptions,  namely,  that  nitrous  oxide  is  given  off, 
and  that  copper  and  silver  salts  are  reduced — an  action  to  be  treated 
of  in  the  following  section  of  this  paper — we  are  unable  to  confirm 
any  of  the  observations  of  these  chemists.  This  decomposition  of 
oxyamidosulphonates  by  alkali  is  of  another  and  still  more  interest- 
ing character  than  Claus  and  Raschig  conceived  it  to  be.  That  the 
oxyamidosulphonates  are  hydroxylamine-derivatives,  which  hydro- 
lyse  in  acid  solutions  into  hydroxylamine  and  sulphate,  is,  indeed, 
certain,  as  ascertained  by  Raschig.  But,  nevertheless,  in  alJcaline 
solutions  they  give  neither  sulphate  nor  hydroxylamine,  nor  the 
decomposition-products  of  hydroxylamine. 

Oxyamidosulphonates  decompose  with  potassium  hydroxide  and 
similar  reagents,  exclusively  into  sulphite  and  hyponitrite,  and  the 
decomposition-products  of  a  hyponitrite.  No  ammonia  is  formed, 
neither,  so  far  as  we  could  judge,  any  sulphate  or  any  nitrogen,  or, 
if  any,  only  unimportant  quantities  of  nitrogen  and  sulphate.  The 
diiEculty  of  keeping  a  sulphite  solution  for  days  free  from  sulphate, 
and  of  detecting  small  amounts  of  nitrogen  in  presence  of  nitrous 
oxide  are  well  known  and  sufficiently  explain  any  uncertainty  in 
our  results.  The  total  absence  of  ammonia  peremptorily  forbids  any 
admission  of  the  generation  of  hydroxylamine. 

Cold,  dilute  alkali,  or  alkaline-earth  hydroxide  suffices  to  partly 
effect  the  change  under  consideration.  Consequently  every  attempt 
to  form  dipotassium  or  disodium  oxyamidosulphonate  corresponding 
with  the  dibarium  salt  has  failed  in  our  hands  because  of  this  re- 
solution of  the  salt  into  simpler  ones  on  the  addition  of  alkali.  For 
the  same  reason  also,  we   find  that   Fremy's  dibarium  salt,  described 
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in  this  paper,  althouL(h  insoluble,  cannot  be  prepared  quite  free  from 
sulphite,  and  when  kept  for  any  considerable  time  becomes  charged 
with  it,  and  also  contains  traces  of  hyponitrite. 

To  effect  the  complete  or  nearly  complete  convei'sion  of  these  salts 
into  sulphite  and  hyponitrite,  they  may  be  either  left  for  days  in  the 
cold  with  the  very  strongest  potassium  hydroxide  solution,  or  be 
heated  to  boiling  for  a  short  time  with  strong  alkali.  In  both  cases, 
effervescence  occurs,  due  to  the  decomposition  of  hyponitrite.  The 
gas  evolved  is  not  the  feeble  supporter  of  combustion  met  with  by 
Claus,  but  behaves  like  oxygen,  as  Fremy  had  observed ;  it  is  not 
oxygen,  however,  but  nitrous  oxide,  soluble  in  water.  The  highly 
alkaline  liquid  when  acidified  gives  abundance  of  sulphur  dioxide, 
and  if  neutralised  merely  will  give,  with  barium  chloride,  a  precipitate 
■which  might,  of  course,  be  taken  for  sulphate  by  a  mind  prepossessed, 
as  Claus's  almost  admittedly  was,  and  which  does,  as  is  well  known, 
rapidly  change  into  sulphate  on  the  filter.  When  partially  or  fully 
neutralised  Avith  acetic  acid,  the  solution,  on  treatment  with  sufiicient 
silvei'  nitrate,  gives  much  silver  hyponitrite,  together  with  a  very 
little  reduced  silver,  owing  to  the  sulphonic  acid  not  being  entirely 
destroyed.  At  first,  the  silver  nitrate  goes  to  form  potassium  silver 
sulphite,  but  this  can  be  avoided  if  desired,  either  by  using  the 
barium  salt  instead  of  the  potassium  salt,  or  by  adding  barium 
hydroxide,  and  then  filtering  off  the  barium  sulphite  before  adding 
the  silver  nitrite. 

This  decomposition  actually  furnishes  by  far  the  most  productive 
method  of  pre[)aring  hyponitrite  yefc  discovered.  The  following  are 
the  results  of  some  trials  we  have  made,  the  silver  hyponitrite  having 
been  purified  by  the  authors'  method  (Trans.,  1884,  45,  81),  that  is 
by  dissolving  it  in  nitric  acid,  and  reprecipitating  with  sodium  car- 
bonate. Generally,  the  silver  hyponitrite  was  directly  weighed,  but 
in  one  or  two  cases  it  was  converted  into  chloride  before  weighing : — 

Digestion  of  0"5772  gram  of  crystals  of  potassium  oxyamido- 
sulphonate  for  24  hours  with  a  saturated  solution  of  potassium 
hydroxide  containing  some  solid  potash.  It  still  contained  a 
very  small  quantity  of  the  sulphonic  salt  undecomposed,  but  the 
yield  of  hyponitrite  in  this  case  was  76  per  cent,  of  the 
theoretical  amount ; 

Boiling  0"9370  gram  of  crystals  with  concentrated  potassium 
hydroxide  for  a  short  time  was  attended  with  copious  efferves- 
cence of  nitrous  oxide,  but  still  left  a  little  of  the  salt  undecom- 
posed ;  the  yield  of  hyponitrite,  however,  was  30  per  cent,  of  the 
equivalent  of  the  salt  taken. 

In  order  to  prepare  hyponitrite  from  nitrite  in  this  "way,  there  is  no 
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necessity  to  have  the  osyamidosulplionate  pure ;  a  well-prepared 
solution  of  either  alkali  salt  sufficiently  concentrated  is  all  that  is 
necessary  if  treated  with  solid  potassium  hydroxide.  Working  in 
this  way,  we  found — 

0"4545  gram  of  sodium  nitrite*  after  conversion  into  the  sulphonic 
salt,  and  treatmeut  in  the  cold  with  the  most  concentrated  potash 
for  24  hours,  gave  hyponitrite  amounting  to  40  per  cent,  of  the 
full  yield,  had  all  the  nitrite  been  utilised  ; 

0'5833gramof  sodium  nitrate,*  after  conversion,  was  treated  first  in 
the  cold  for  21.  hours,  and  then  at  100°  for  a  quarter  of  an  hour, 
and  yielded  hyponitrite  amounting  to  49f  per  eent.  of  the  cal- 
culated quantity. 

In  order  to  get  results  as  good  as  these,  however,  one  modification 
of  the  process  for  getting  the  oximidosulphonate  from  the  nitrite 
must  be  followed ;  we  reserve  the  account  of  this  for  the  paper  on 
these  salts.  Here  we  need  only  mention  that  we  can  get  at  least 
85  per  cent,  of  the  calculated  quantity  of  oximidosulphonate  from 
the  nitrite,  a  proportion  far  higher  than  that  previously  obtained  by 
Raschig,  the  only  quantitative  worker. 

In  consequence  of  the  decomposition  of  much  of  the  potassium 
hyponitrite  into  hydroxide  and  nitrous  oxide,  the  determination  of 
the  hyponitrite  found  does  not  of  itself  serve  to  prove  that  the 
formation  of  this  salt  is  the  only  decomposition  of  the  oxyamido- 
sulphonate.  But  it  does  make  this  deduction  highly  probable  when 
taken  along  with  the  occurrence  of  so  much  nitrous  oxide  and 
sulphite,  and  the  absence  of  ammonia,  nitrogen,  and  sulphate.  The 
determination  of  the  sulphite,  however,  seems  sufficient  of  itself  to 
prove  that  the  decomposition  is  of  one  kind  only,  although  here,  too, 
any  very  close  approach  to  the  calculated  amount  cannot  be  expected, 
considering  the  ready  oxidisability  of  sulphites  to  sulphates,  and  that 
the  sulphonate  is  never  entirely  decomposed.  The  presence  of  hypo- 
nitrite and  its  reaction  with  potassium  iodide  render  a  volumetric 
estimation  of  the  sulphite  by  means  of  iodine  impossible  ;  in  order, 
therefore,  to  estimate  the  sulphurous  acid,  we  availed  ourselves  of  its 
reaction  with  stannous  chloride.  The  latter  has  no  action  either  upon 
hydroxylamine  (Divers  and  Haga,  Trans.,  1885,  47,  624),  or  upon 
oxyamidosiilphonic  acid.  Our  method  of  procedure  was  to  put  into 
a  pressure-bottle  the  diluted  solution  of  the  salt  decomposed  by 
alkali  and  neutralised,  mix  it  with  excess  of  stannous  chloride,  and 
almost  fill  the  bottle  with  water.  The  tightly  closed  bottle  was  kept 
in  nearly  boiling  water   for    an   hour,  and   then  left  to   cool.     The 

*  Measured  off  for  analysis  as  oxyamidosulphonate  solution  produced  from  a 
large  quantity  of  nitrite  worked  upon. 
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washed  precipitate  of  stannous  sulphide  was  heated  with  hydro- 
chloric  acid  and  potassium  chlorate  until  all  the  sulphur  had  been 
oxidised,  and  the  solution,  after  being  evaporated  to  dryness,  was 
again  evaporated  to  dryness  with  hydrochloric  acid.  Finally,  after 
removing  the  tin  by  hydrogen  sulphide,  the  sulphuric  acid  in 
the  filtrate  was  estimated  as  barium  salt.  In  this  way,  from 
0'7470  gram  of  salt,  which  by  long  keeping  had  slightly  hydrolysed, 
we  got  sulphur  equivalent  to  88"63  per  cent,  of  all  that  was  in  the 
original  sulphonic  salt.  This  result  renders  it  clear  that  sulphite  and, 
therefore,  hyponitrite  are  the  only  two  j^rimary  products  of  the 
change. 

The  reaction  by  which  hyponitrite  and  sulphite  are  formed  consists 
probably  in  the  substitution  of  potassium  for  the  hydrogen  of  the 
osyamido-radicle,  and  then  of  spontaneous  decomposition  of  the 
potassium  compound.  There  is  no  hydrolysis  or  saponification, 
simply  dissociation  or  chemical  fission — 

HONHSO3K  +  2K0H  =  KONKSO3K  +  2H30 
2K0NKS0,K  =  (KON),  +  2K,S03. 

Raschig  has  observed  a  decomposition  of  Fremy's  potassium  sulpli- 
azite  by  strong  potash  into  sulphite  and  nitrite  very  similar  to 
this. 

We  would  glndly  account  for  the  differences  between  the  results 
found  by  other  chemists  and  our  own,  but  we  are  able  to  do  little 
in  this  direction.  We  have  to  face  the  fact  that  Claus's  woi-k  was 
quantitative.  The  only  suggestion  we  can  offer  is  that  Fremy  and 
Claus's  preparations  originally  pure  were  not  treated  with  alkali  until 
they  had  been  kept  long  enough  to  undergo  the  decomposition  (fully 
in  Claus's  case) — 

2HONH(S03K),OHj  =  (HONH3)2SO,  +  K2SO4 

into  hydroxylamine  and  sulphate.  Such  a  mixture  would  behave 
exactly  in  the  manner  observed.  As  for  oxygen,  Fremy  must  have 
mistaken  nitrous  oxide  for  it,  and  in  making  this  supposition  we  have 
evidently  the  support  of  Claus  and  Raschig.  Lastly,  as  to  Claus's 
nitrous  oxide  diluted  with  nitrogen,  dilution  with  air  and  steam  may 
perhaps  have  been  the  cause  of  the  properties  of  the  gas  he  got 
differing  from  that  obtained  by  Fremy  and  ourselves. 

Oxyamidosulphonates  evaporated  to  dryness  on  a  water-bath  with 
potassium  or  sodium  carbonate  evolve  carbon  dioxide  dui-ino-  the 
last  stages  of  the  evaporation,  and  yield  much  sulphite.  No  hypo^ 
nitrite  can  remain  undecomposed  under  such  circumstances.  A 
solution  of  oxyamidosulphonate  left  even  in  the  cold  for  a  day  with 
the  carbonate  shows  evidence  of  the  presence  of  a  little  sulphite. 


770  DIVERS   AND   HAGA  :   OXYAMIDOSULPHONATES 

After  repeated  evaporations  with  potassium  acetate,  an  alkaline 
mixtui^e  containing  a  minute  quantity  of  sulphite  is  left. 

Oxidation  of  Oxyamidosidphonates  by  Basic  Reagents. 

Fremy  observed  that  manganese  dioxide  dissolved  as  manganous 
salt  in  oxyamidosulphonic  acid  with  effervescence  due  to  evolution  of 
oxygen,  also  that  the  same  reagent  caused  a  lively  effervescence  in  a 
solution  of  the  potassium  salt.  These  observations  are  correct,  save 
that  he  mistook  nitrous  oxide  for  oxygen.  Finally,  he  found  that 
the  potassium  salt  immediately  reduced  salts  of  silver,  copper,  and 
gold.  We  must,  however,  except  copper  from  this  statement,  unless 
alkali  were  present.  Clans,  as  we  have  already  had  occasion  to 
mention,  found  that  the  potassium  salt,  in  the  presence  of  potassium 
hydroxide,  reduced  salts  of  copper  and  silver  in  the  cold,  just  like 
hydroxylamine ;  his  experiments,  however,  were  qualitative  only, 
Raschig,  who  holds  that  alkalis  convert  oxyamidosulphonates  wholly 
into  their  equivalent  of  hydroxylamine,  records  no  experimental 
determinations  in  support  of  this  point,  though  he  quantitatively 
estimated  the  hydroxylamine  produced  by  the  action  of  an  acid. 

The  reaction  which  we  find  takes  place  is  the  conversion  of  the 
oxyamidosulphonate  into  sulphite  and  sulphate,  and  the  reduction  of 
a  quantity  of  metal-oxide  equivalent  to  the  oxidation  of  the  oxyamido- 
residue,  and  not  to  that  of  the  hydroxylamine  supposed  to  be  pro- 
duced. That  is  to  say,  the  cuprous  oxide  obtained  is  just  half  what 
it  would  be  were  hydroxylamine  first  formed,  as  believed  by  Claus 
and  Raschig.     The  equation,  therefore,  will  stand  thus  : — 

2HONH(S03K)  +  2CuO  +  2K0H  =  K0SO3  +  K^SO^  + 
Cu.O  +  X,0  +  3H,0, 

which  shows  that  the  potassium  hydroxide  takes  the  two  sulphonic 
residues  to  form  sulphite,  sulphate,*  and  water,  the  copper  oxide 
oxidising  to  water  the  two  atoms  of  hydrogen  of  the  two  oxyamido- 
residues,  the  hyponitrous  acid  left  being  resolved  finally  into  nitrous 
oxide  and  water.  After  the  reduction,  addition  of  hydrochloric  acid 
liberates  much  sulphur  dioxide. 

The  reaction  is  not  quite  complete,  as  it  ceases  Avhen  the  solution 
becomes  very  dilute.  Thus,  if  to  an  aqueous  solution  of  1  gram  of 
the  oxyamidosulphonate  in  a  litre  of  water,  a  few  drops  only  of  a 
dilute  solution  of  copper  sulphate,  and  then  of  potassium  hydroxide, 
are  added,  a  permanent,  blue  opalescence  is  produced,  but  no  cuprous 
oxide  is  deposited  even  when    the  solution  is  kept  for  houi's  in   a 

*  Hyposulphate  was  searched  for,  and  could  not  be  fouad. 
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closed  vessel.  This  observation  may  serve  to  show  that  although, 
"when  very  dilute,  alkalis  do  not  pi'oduce  much  sulphite  and  nitrite, 
this  is  not  because  hydroxylamine  and  sulphate  are  produced  instead, 
for  if  such  were  the  case,  the  hydroxylamine  would  act  upon  the 
cupric  hydroxide. 

The  fact  that  the  alkaline  solution  contains  not  hydroxvlamine, 
but  a  sulphonic-dcrivative  of  it,  which  gives  sulphite  in  its  reac- 
tions with  reducible  compounds,  and  that  it  has  only  half  the 
action  of  its  equivalent  of  hydroxylamine,  are  serious,  if  not  fatal, 
objections  to  resorting  to  it  as  a  reagent  in  organic  research  for  the 
purposes  suggested  by  Raschig.  This  chemist,  notwithstanding  that 
he  has  pointed  out  (see  his  memoir,  p.  182)  that  the  reason  that 
oximidosulphonates  do  not  possess  any  of  the  reducing  powers  of 
hydroxylamine,  is  that  in  them  the  two  active  hydrogens  of  hydroxyl- 
amines  ai'e  replaced  by  sulphonic  radicles,  and  that  oxyamidosul- 
phonates  by  retaining  one  of  these  hydrogens  are  as  easily  oxidisable 
as  hydroxylamine  itself,  has  yet  failed  to  see  that,  his  contention 
being  well-founded,  it  will  be  the  oxyamidosulphonate,  and  not 
hydroxylamine,  which  exerts  the  reducing  power  in  its  alkaline  solu- 
tion. That  it  is  so,  is  shown  by  the  fact,  determined  by  us,  that  in  the 
absence  of  reducible  agents,  alkalis  do  not  completely  decompose  oxy- 
amidosulphonates,  and  for  the  rest  change  them  into  sulphite  and 
hyponitrite,  neither  of  which  gives  a  cuprous  precipitate  in  presence 
of  alkalis. 

We  have  yet  to  supply  particulars  of  our  quantitative  work.  It 
was  unavoidable  that  the  amount  of  sulphite  produced  should  be 
imperfectly  estimated,  partly  because  of  the  great  oxidisability  of  the 
very  dilute  alkaline  sulphite  by  air,  and  partly  because  the  decompo- 
sition of  the  oxyamidosulphonate  is  never  complete.  To  measure  it, 
the  mother-liquor  of  the  copper  precijntate  was  run  into  excess  of 
half-decinormal  iodine  solution  (mixed  with  acid  enough  to  more 
than  neutralise  the  mother-liquor),  and  the  unconsumed  iodine 
titrated  with  sodium  thiosulphate.  The  water  used  was  always  pre- 
viously freed  fi'om  air  by  boiling.  Of  the  salt,  1"0967  grams  treated 
Avith  copper  sulphate  and  potassium  hydroxide  gave  in  this  way 
40  per  cent,  of  the  sulphur  of  the  salt  as  sulphite,  and  that  was  our 
best  result.  Theory,  as  given  by  us,  indicates  50  per  cent. ;  whilst 
on  the  other  view  there  should  be  none  at  all.  Other  portions  of  the 
mother-liquor  of  the  copper  precipitate  were  aciditied  to  promote  the 
hydrolysis  of  any  of  the  sulphonate  remaining  undecomposed,  and 
afterwards  concentrated  by  evaporation.  One  of  these  then  gave  a 
distinct  reduction  with  the  cojiper  mixture,  due  to  hydroxylamine  ; 
whilst  another  measured  portion,  on  titration  with  iodine  in  presence 
of    hydrogen     potassium    carbonate,    also    showed    the    pi-esence    of 
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hydroxylamiue,  equivalent,  however,  to  only  one-twelfth  of  the  whole 
salt. 

To  measure  the  amount  of  copper  reduced,  we  added  to  0"2913  gram 
of  the  salt  (already  slightly  hydrolysed  by  keeping)  dissolved  in 
■water,  a  slight  excess  of  a  sort  of  Fehling's  solution,  much  stronger 
than  usual  and  with  less  alkali  in  it,  heated  to  boiling,  collected  the 
cuprous  oxide  on  a  filter,  washed  rapidly,  and  weighed  the  reduced 
oxide  as  black  oxide.  We  thus  obtained  cupiic  oxide  equal  to  48  per 
cent,  of  the  weight  of  the  salt,  instead  of  47  per  cent.,  calculated 
from  our  equation.  On  the  other  theory,  twice  as  much  should  have 
been  obtained. 

In  alkaline  solutions,  silver  and  mercuric  hydroxides  act  just  like 
cupric  hydroxide,  qualitatively  at  least,  and  yield  much  sulphite. 

Constitution  of  Hyponitrites  as  revealed  by  the  Decomposition  of 
Oxyamidosulphonates. 

The  decomposition  of  oxyamidosulphonates  into  sulphite  and  hypo- 
nitrite  sets  at  rest  any  doubt  as  to  the  constitution  of  hyponitrites  ; 
for  coming  in  this  case  directly  from  a  substituted  hydroxylamiue, 
a  hyponitrite  must  have  its  oxygen  between  the  nitrogen  and  metal. 

Berthelot  and  Maquenne  have  recently  published  papers  (Compt. 
rend.,  108,  1286,  1305)  containing  analyses  of  calcium  and  strontium 
hyponitrites.  These  analyses,  as  they  point  out,  establish  the  accu- 
racy of  the  empirical  formula  given  by  one  of  us  (Divers)  to  hypo- 
nitrous  acid,  upon  which  doubt  had  been  cast  by  previous  work  upon 
the  silver  salt  by  Berthelot  himself  and  Ogier  (Compt.  rend.,  96, 
30,  84-).  To  this  salt  the  latter  chemists  gave  the  formula  Ag4X405, 
the  con^ectness  of  which  was  afterwards  contested  by  us  (Trans., 
1884,  45,  78).  Berthelot  now  admits  that  this  salt  cannot  be 
obtained  in  a  pure  state,  thus  confirming  our  view  as  against  Zorn, 
van  der  Plaats  and  Menke,  all  of  whom  claimed  to  have  got  it  in 
a  pure  state  without  diflBculty.  Zorn's  opinion  that  the  molecule  of 
the  acid  contains  2  atoms  of  each  of  its  elements,  already  generally 
accepted,  is  now  endorsed  by  Berthelot  and  Maquenne.  Lastly, 
Maquenne  is  disposed  to  deny  that  nitrous  oxide  can  be  the  an- 
hydride of  hyponitrous  acid,  even  to  the  same  extent  that  carbon 
monoxide  is  the  anhydride  of  formic  acid,  but  on  grounds  which  to  us 
seem  quite  insufficient.  Even  the  facts  recorded  in  this  paper  can 
leave  hardly  any  doubt  that  it  is  so. 

The  formula  of  hyponitrous  acid  may  now  confidently  be  written 
as  HO-Xj'OH,  or  (X0H)2,  that  is,  the  acid  is  hydroximidogen,  of 
which  XOH  is  the  radicle. 
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Appendix. 
We  have  attain  tietcrmincd  the  sulphite  prodnced  both  when  potas- 
sium oxjamidosulplionate  is  decomposed  by  potassium  hydroxide  alone, 
and  also  when  it  is  oxidised  by  the  same  reagent  and  cupric  oxide. 
In  these  determinations,  the  work  was  done  in  closed  vessels  excluding 
the  air,  so  that  no  appreciable  destruction  of  sulphite  could  have 
occurred  through  aerial  oxidation.  Also,  in  measuring  the  sulphite 
formed  when  the  salt  is  oxidised  by  cupric  oxide,  we  employed,  here 
for  the  first  time,  the  stannous  chloride  process  described  in  the 
paper.  The  salt  Avas  treated  with  the  cupric  oxide  in  an  atmosphere 
of  hydrogen,  in  a  bottle  which  was  afterwards,  without  opening,  filled 
up  with  stannous  chloride  and  water.  Only  then  and  for  a  moment 
was  the  bottle  opened,  in  order  to  remove  the  cork  and  gas  tubes 
and  insert  the  stopper  before  heating  the  mLxture  for  an  hour  in 
boiling  water.  We  feared  that  in  washing  the  tin  sulphides,  the 
copper  sulphides  mixed  with  them  would  give  trouble  by  oxidising 
on  the  filter,  but  our  fears  proved  groundless. 

For  the  other  decomposition  by  alkali  alone,  we  boiled  the  .salt  for 
a  few  hours  with  potassium  hydroxide  in  a  small  tube  in  connection 
with  a  hydrogen-apparatus,  and,  when  ready,  quickly  dropped  this 
tube  with  its  contents  into  the  bottle  of  stannous  chloride.  With 
the  precautions  we  have  taken,  we  have  now  no  longer  to  admit  any 
imperfection  known  to  us  to  have  existed  in  our  preparations  for 
analysis,  and  can  give  the  new  results  so  far  with  confidence  as  being 
closely  accurate. 

The  decomposition  of  the  oxyamidosulphonate  by  potassium 
hydroxide  into  hyponitrite  and  sulphite,  using  0'2007  gram  of 
freshly  crystallised  salt  in  fine  plates,  gave  89  per  cent.  (S9'05)  of 
the  sulphur  as  sulphite,  confirming  our  earlier  result  of  88  per  cent. 
The  oxidation  of  the  salt  by  cupric  oxide  into  sulphite,  sulphate,  and 
nitrous  oxide,  effected  on  0*4298  gram  of  the  above- descx'ibed  prepara- 
tion, gave  44  per  cent.  (48"9o)  of  the  sulphur  as  sulphite,  a  result 
confirmatory  of  our  theory,  and  better  than  our  best  previous  result 
of  40  per  cent. 

It  thus  appears  clear  that  the  sulphite  formed  when  the  oxyamido- 
sulphonate is  oxidised  by  cupric  oxide  is  half  what  is  produced  when 
the  salt  is  decomposed  by  alkali  alone.  That  only  nine-tenths  of  the 
reckoned  sulphite  is  obtained  in  either  case  is  partly  if  not  entirely 
due  to  two  causes.  One  of  them  is  that,  as  already  pointed  out,  in 
each  mode  of  decomposition  a  little  oxyamidosulphonate  (or  a  body 
like  it)  is  always  left  at  the  end  of  the  reaction.  The  other  and  main 
one  is  that  the  tin  reaction  is  incomplete ;  for,  working  upon  sulphite 
of  a  known  degree  of  purity,  we  have  got  by  its  means  only  91  and 
again  9'Sh  per  cent,  of  tho  sulphite  indicated. 
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anisate,  melting  jJoint  of,  551. 

berizophenylhydi'azinejjyruvate, 

616. 

cinnamyldietbacetate,  38. 

aaj-diacetyladipate,  Proc,  141. 

aiu-diacetylcaproate,  333. 

action  of  alcoholic  ammonia 

on,  339. 

aw-dibenzoylcaproate,  347. 

diimidodiacetyladipate,         Peoc, 

141. 
diphenylhydrazinediacetyladipate, 

Peoc,  141. 


INDEX  OF   SUBJECTS. 


783 


Ethyl  methyldehydrohexonecarboxyliitc, 

preparation  of,  331. 
o-mctliyl-acu-diacetylcaproate, 

345. 
mcthyklihydropentenedicarboxyl- 

ate,  Proc,  142. 
Etliyl  incthylcliliydropentcnemctln'l- 

ketonecarboxylate,  Pkoc,  14-2. 

nitrate,    magnetic  rotatory  power 

of,  682,  725. 

plienantliroxyloncacetoacetate,  re- 
actions of,  Tkoc.,  188H,  114. 

salicvlaldelivdc,   melting  point  of, 

551. 

Etliylamine  liydrochloride,  magnetic 
rotatory  power  of  solutions  of,  713, 
743. 

magnetic  rotatory  power  of,  691, 

729. 

Etbylbenzyltlnocarbamide,  300. 

Ethylene  nitrate,  magnetic  rotatory 
power  of,  681,  726. 

Ethylenediamine,  action  of,  on  succinic 
acid,  10. 

Ethylenedisuccinamic  acid,  12. 

Ethy  Icned  is  uccinim  ide,  11. 

Ethylmetanitraniline,  action  of  diazo- 
tised  parabrou)aniline  on,  428. 

Ethylparabroinuniline,  action  of  diazo- 
tised  metanitraniliiie  on,  428. 

action  of  diazotised  2:)Mranitraniline 

on,  423. 

Ethylparanitraniline,  action  of  diazo- 
tised parabrcnianiline  on,  423. 

Ethylphenylseuiithiocarbazide,  302. 

Ethylpiperidylthiocarbamide,  624. 


Faraday  lecture,  634. 

Fat,  butter-,  nature  of,  Peoc,  5. 

SawaiTi,  Peoc,  69. 

Ferric   chloride,  absorption-spectra   of, 

Pkoc,  14. 
Flask  for  distilling  frothing  liquids  in  a 

vacuum,  359. 
Flax,  constituents  of,  Peoc,  155. 
Formylphenylhydrazine,  242,  248. 
Freezing  point  of  sodium,  lowering  of, 

by  the  addition  of  other  metals,  666. 
points    of    solutions,   the   law    of, 

Peoc,  149. 

mechanical,   physical, 

and  chemical,  lowering  of,  Peoc,  150, 
151. 

of  sulphuric  acid  solutions, 

Peoc,  106. 

Furfural,  preparation  of,  from  jute  fibre- 
substance,  209. 


G. 


Galactose,  molecular  weight  of,  463. 
Gallium,    molecular    weight     of,     531, 

533. 
Glyceric    acid,  preparation    of,    Peoc, 

14. 
Glycerides  of  butter-fat,  Peoc,  5. 
Glycerol,      nitro-,     magnetic     rotatory 

power  of,  685,  726. 
Glycol,  nitro-,  magnetic  rotatory  power 

of,  68 1,  726. 
Gold,  effect  of,  on  the  freezing  point  of 

sodium,  608. 

molecular  weight  of,  532,  533. 

sodium  alloys,  properties  of,  670. 


H. 


Heat  of  dissolution  of  sulphuric  acid, 
Peoc,  88. 

Heat  of  neutralisation  of  sulphuric 
acid,  323. 

Hydrazines,  action  of  chloroform  ami 
alcoliolic  potash  on,  242. 

Hydriodic  acid,  magnetic  rotatory 
power  of  solutions  of,  708,  739. 

llydrobromic  acid,  magnetic  rotatory 
power  of  solutions  of,  706,  739. 

Hydrocldoric  acid  in  solution,  corre- 
spondence between  the  magnetic  rota- 
tion and  the  refraction  and  disper- 
sion of  light  by,  758. 

maguc-tic  rotatory  power  of 

solutions  of,  702,  739. 

Hydrofluoric  acid,  pure  aqueous,  pre- 
paration of,  166. 

Hydi'ogen  fluoride,  preparation  of,  167. 

vapour-density  of,  163. 

peroxide,    formation    of,    by    the 

exposure  to  hght  of  a  mixture  of 
water  and  pure  ether  with  oxvgen, 
Peoc,  134. 

Hydroxy  laminesulphonates,  conversion 
of,  into  hvponitrites,  760. 

llydroxynaphthylphenyl,  amido-deriva- 
tives  of,  124,  125. 

Hyponitrites,  constitution  of,  as  re- 
vealed by  the  decomposition  of 
oxyamidosulphonates,  772. 


Inulin,  molecular  weiglit  of,  463. 
Iodides,    interaction    of,    with     cupric 

salts,  Peoc,  2. 
Iron  periodates,  149. 
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Iron,  relation  of  cobalt  to,  as  indicated 
by  absorption-spectra,  Proc,  14, 

Isobutyl  nitrate,  magnetic  rotatory 
power  of,  G83,  725. 

nitrite  and  nitrate,  correspondence 

between  tlie  magnetic  rotation  and  tl\e 
refraction  and  dispersion  of  light  by, 
757. 

magnetic  rotatory  power  of, 

686,  727. 

Isobutylamine,  magnetic  rotatory  power 
of,  69-i,  730. 

magnetic  rotatory  power  of  solu- 
tions of,  695,  730,  735. 

Iso-a/3-dibenzoylcinnamene,  Proc,  139. 

Iso-ajS-dibenzoylstyrolene,  Proc,  139. 

Isolepiden,  Proc,  139. 

Isotliiocyanates,  300. 

Isoxylepidenic  acid,  Peoc,  139. 


J. 


Jute  fibre  substance,  action  of  chlorine 

on,  203. 

constitution  of,  199. 

nitration  of,  201. 

preparation  of  furfural 

from,  209. 


Lanarkite,  92. 

Lead,  effect  of,  on  the  freezing  point  of 
sodium,  675. 

molecular  weight  of,  531,  533. 

periodates,  149. 

Lead- cadmium  alloys,  679. 

Leadhillite.  91. 

Lead-tin  alloys,  677. 

Lead-zinc  alloys,  678. 

Light,  action  of,  on  moist  oxygen,  Proc, 
134. 

refraction  and    dispersion  of,  and 

magnetic  rotation  by  compounds  con- 
taining nitrogen,  correspondence 
between,  750. 

Lignification,  chemistry  of,  199. 

LiliacecB,  presence  of  salicylic  acid  in 
certain  genera  of  the,  Proc,  122. 

Linarite,  93. 

Lithium,  effect  of,  on  the  freezing 
point  of  sodium,  675. 

molecular  weight  of,  530,  533. 


M. 

Magnesium,    molecular  weight  of,    531, 
533. 


Magnetic    rotation   and  the   refraction 

and  dispersion  of  light  by  compounds 

containing    nitrogen,    correspondence 

between,  750. 
rotatory    power    of    hydrochloric, 

hydrobromic,     and     hydriodic    acids, 

680. 
of  nitrogen-compounds, 

680. 
of   some   salts  of   am- 
monia and  the  compound  ammorias, 

680. 
Maltodextrin,     molecular     weight     of, 

465. 
Manganese,  molecular   weight  of,  532, 

533. 
peroxide,  decomposition  of  potas- 
sium  chlorate    in    the    presence   of, 

184. 
Mercuric  chlorothiocyanate,  50. 
Mercury,    effect    of,   on    the    freezing 

point  of  sodium,  672. 
Metals  and  acids,   interaction   of,  361, 

Proc,  66. 
effect  of,  on  the  freezing  point  of 

sodium,  GQ&. 
method  of  investigating  the  disso- 
lution of,  in  acids,  361. 

molecular  weights  of,  521. 

Methane,      nitro-,     magnetic     rotatory 

power  of,  687. 
Methoxynaphthalenesulphonic  acids,  /S-, 

Proc,  73. 
Methyl  fluoride,  110. 

action  of  chlorine  on.  111. 

nitrate,    magnetic  rotatory   power 

of,  682,  725. 
salicylaldehyde,  melting  points  of, 

550. 
Methylacetyltetrahydrobenzene,  ortho- , 

Proc,  144. 
Methylbenzyltlnocarbamide,  619. 
Metliyl-atu-diacetylpentane,  346. 
Methyldihydropentenedicarboxjlic 

acid,  Proc,  142. 
Methyldioxindole,  8. 
Methyl-3-diphenyl-5-phenylpyrrolidone, 

1-,  Proc,  140. 
Metliyl-3-diplienyl-5-pyrrolone,  1-, 

Proc,  140. 
Methylene  chlorofluoride,  112. 
Methylethylhexamethylene,     formation 

of,  Proc.,  143. 
Methylethylpentamethylene  [1  :  2], 

Proc,  143. 
Methylhexamethylene  methyl   carbinol, 

ortho-,  Proc,  144. 
Methylindole,  Pr.,  \n,  derivatives  of,  1. 
Methylmetanitraniline,    action    of     di- 

azotised  paiabromaniline  on,  42*!. 
Methylortliotolylthiocarbaniide,  621. 
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Methyloxindole,  7. 

bromo-,  7. 

dibroiiio-,  3. 

dichloro-,  4. 

MethTlparabronianilinc,  action  of  di- 
azotiscd  nictaiiitraniline  on,  425. 

action    of  diazotised    paranitrani- 

line  on,  418. 

action  of  diazotised  paratoluidine 

on,  433. 

Metlivlparacliloraniline,  action  of  di- 
azotised paratoluidine  on,  43(5. 

Methvlparanitraniline,  action  of  di- 
azotii-ed  parabronianiline  on,  419. 

Methylparatoluidine,  action  of  di- 
azotised parabronianiline  on,  432. 

action    of    diazotised     paraclilor- 

aniline  on,  436. 

Methylparatol.ylthiocarbamide,  620. 

Methylpcntamcthvlene  methyl  carbiuol 
Peoc,  143. 

Methylpsendoisatin,  5. 

Methylpseudoisatinoxime,  6. 

Methylpscudoii-atinphenylbydrazone,  5. 

Methyltetrahidrobenzene  metliyl  car- 
binol,  ortho-,  Pkoc,  144. 

ketone,  ortho-,  Puoc,  144. 

Minerals  from  Leadhills,  91. 

Molecular  weight,  determination  of  the, 
of  substances  in  solution,  especially 
colloids,  Proc,  109. 

of  amvlodextrin,  455. 

weights  of  the  carboliydrales,  462. 

of  tJie  metals,  521. 

Myoporum  plafycarpum,  resin  of,  665. 


N. 

Naphthalene,  a-,   and   /S-cyano-,    beha- 
viour  of,  with   sulphonating  agents, 

Proc,  122. 

f;-dachloro-,  constitution  of,  Peoc, 

49. 
heteronucleal,    o|3-     and     /3/3-di, 

derivatives  of,  constitution  of,  Peoc- 

34,  48. 
/3-iodo-,    sulphonation   of,  Peoc, 

75. 

nitro-^-chloro-,  Proc,  71. 

Naphthalene-derivatives,   formation    of 

sulphones   on    sulphonating,    Peoc, 

121. 
Naphthalenes,     1  :  3-homo-     and     the 

isomeric  hetero-a^-dichloro-,  Peoc,  5. 
Naphthalene-/3-sulphonic  acid,  nitration 

of,  Peoc,  17. 

sulphonation  of,  Proc,  10. 

Naphthalenesul phonic    acids,  /3-bromo-, 

Pkoc,  118. 


Naphthalenesulphonic  acids,  n-cldoro- 
/3-amido-,  isomeric,  Proc,  36,  48. 

^-,  iodo-,  Proc,  119. 

Naphthol,  j8-,  action  of  halogens  on, 
Proc,  71. 

ot-aniido-,  identification  of,  120. 

bromo-derivatives  of,  PHOC,  71. 

chloro-,  Proc,  72. 

chlorobromo-,  Proc,  72. 

Naphthol-a-sulphonic  acid,  )3-,  constitu- 
tion of,  Pkoc,  8. 

Naphtholsuliihonic  acid,  fl-,  bromo-  and 
cliloro-derivatives  of,  Proc,  72. 

Naj)hthylaniine,  /3-,  isomeric  sulphonic 
acids  of,  33. 

/3-,  products  of  the    sulphonation 

of,  at  100—105°,  35. 

Naphthylamincsulphonic  acid,  Bronner's 
)3-,  acids  formed  by  displacing  NU., 
in,  by  halogens,  Proc,  74. 

Naphtliylaminesulphonic  acids,  ^-,  from 
;3-napht]ioisidphonic  acids,  37. 

properties  of  the  four,  36. 

Nickel  periodate,  151. 

Nitrates,  ethereal,  correspondence 
between  the  magnetic  rotation  and 
the  refraction  and  dispersion  of  light 
by,  755. 

magnetic  rotatory  power  of, 

682,  724, 

Nitric  acid,  amount  of,  in  rain-water  at 
Rothamsted,  537. 

estimation  of,  in  rain-water, 

544. 

magnetic  rotatory  power  of, 

680,  724. 

Nitrites,  ethereal,  magnetic  rotatoiv 
power  of,  686,  727. 

Nitro-compounds,  connection  between 
the  magnetic  rotation  and  the  refrac- 
tion and  dispersion  of  light  by,  751. 

Nitrogen,  correspondence  between  re- 
fraction and  dispersion  of  light  and 
magnetic  rotation  in  compounds  con- 
taining, Trans.,  750. 

Nitrogen- compounds,  magnetic  rotatory 
power  of,  680. 


0. 

Occlusion  of  oxygen  in  pure  silver,  40f). 

Orthonitric  acid,  magnetic  rotatory 
power  of,  681,  724. 

Oxyamidosulphonates  and  their  conver- 
sion into  hyponitrites,  760. 

decomposition     of,     by      alkaline 

bases,  765. 

oxidation   of,   by    basic    reagents, 

770. 
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Oxyamidosulphonic  acid,  761. 

hydrolysis  of,  764. 

Oxygen,  dissolved  in  water,  estimation 

of,  552. 
moist,  action  of  light  on,   Puoc, 

134. 

occlusion  of,  in  pure  silver,  400. 

Oxylepidenic  acid,  Proc,  139. 
Oxylepidens,  Peoc,  137. 


P. 


Pentamethylenediamine,  magnetic  rota- 
tory povrer  of,  698,  732. 

Periodates,  148. 

constitution  of,  152. 

Periodic  law,  experimental  researches 
on,  382. 

■  of    the    chemical   elements, 

634. 

Pheuanthrapiazine,  98. 

diliydride,  98. 

Plienanthraquinone,  action  of  acecamide 
on,  107. 

Phenol,  action  of  the  chlorides  of  pro- 
pionyl  and  butyryl  on,  546. 

chlorobronioparanitro-,        metallic 

derivatives  of,  57,  58. 

dibromorthonitro-,  calcium  -  de- 
rivative of,  61. 

dichlororthonitro-.  action  of  chlor- 
ine on,  586. 

calcium-derivative  of,  61. 

orthocbloroparabromo-,     nitration 

of,  587. 

orthochloroparabromorthonitro-, 

action  of  bromine  on,  585. 

action  of  nitric  acid  on,  584. 

orthochloroparanitro-,  bromination 

of,  56. 
oi'thonitro-,  action  of  chlorine  on, 

586. 
parabromorthiodorthonitro-,      cal- 
cium-derivative of,  61. 
.  parabromorthochlororthonitro-, 

nitration  of,  590. 
parabromorthonitro-,     action      of 

chlorine  on,  586. 
paraclilororthobromorthonitro-, 

action  of  nitric  acid  on,  584. 

calcium-derivative  of,  CO. 

nitration  of,  589. 

■ parachlororthonitro-,      action      of 

bromine  on,  588. 
Phenols,  halogen-nitro-,   some  metallic 

derivatives  of,  56. 
Phenol -series,  isomeric  change  in,  583. 
Phenyl  butyrate,  547. 
propionate,  546. 


Phenylbenzyltliiocarbamide,  300. 

Phenylenediamines,  benzyl-derivatives 
of,  590. 

Phenylindoles,  formation  of,  by  iso- 
meric change,  Puoc,  90. 

Phenylnaplitlialene,  /3-,  Proc,  70. 

Phenylthiocarbimide,  action  of  thialdine 
on,  627. 

Phosphorescence  of  alumina,  280. 

Phosphoryl  trifluoride,  preparation  of, 
759. 

Piazine-derivatives,  97. 

Pigment,  yellow,  in  butterflies,  Pfioc, 
117. 

Pinene,  action  of  chromium  oxychloride 
on,  45. 

Piperidine,  hydrochloride,  magnetic  ro- 
tatory power  of  solutions  of,  716,  743. 

magnetic  rotatory  power  of,  699, 

733. 

magnetic    rotatory   power    of    an 

aqueous  solution  of,  700. 

Piperidylbenzoylthiocarbamide,  623. 

Plumbo-aragonite,  95. 

Plumbo-calcite,  95. 

Potassium,  boiling  j)oint  of,  326. 

chlorate,  decomposition  of,  by  heat 

in  the  presence  of  manganese  per- 
oxide, 184. 

efPect  of,  on  the  freezing  point  of 

sodium,  674. 

hydrogen  fluoride,  preparation  of, 

166. 

lowering  of  the  freezing  point  of, 

by  the  addition  of  other  metals,  676. 

molecular  weight  of,  530,  533. 

oxyamidosulphonate,  76:J. 

periodate,  151. 

Primuline  base,  233. 

constitution  of,  234. 

constitution  of,  227. 

Propane,  nitro-,  magnetic  rotatory  power 
of,  688,  728. 

Propionitrile,  magnetic  rotatory  power 
of,  701. 

Propionylphenol,  547. 

Propyl  alcohol  and  water,  vapour-pres- 
sures of  a  mixture  of,  Proc,  1888, 
101. 

nitrate,   magnetic  rotatory  power 

of,  683,  725. 

Propylamine,  magnetic  rotatory  power 
of,  692,  730. 

Pyridine,  magnetic  rotatory  power  of, 
700,  734. 

Pyrocresole,  a-,  oxide,  azo-derivalives  of, 
54. 

diamido-,  54. 

dinitro-,  52. 

some  derivatives  and  new  colouring 

matters  obtained  from,  51. 
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Pvrocresolo,  totramido-,  53. 

triclilor-,  52. 

Pvromorpliitc,  93. 


QuinoHnc,  vapour-pressures  of,  183. 


R. 


Rain-water,  analysis  of,  543. 
at   Rothamsted,    amount   of 

nitric  acid  in,  537. 
Refraction  and  dispersion  of  light  and 

ma<rnetic    refraction    by     compounds 

containing    nitrogen,    coiTespondence 

between,  750. 
Resin,    hydrocarbon    obtained    by    the 

action  of  sulphur  on.  Proc,  102. 

of  Mi/oporiou  2>Ia/i/carp»m,  665. 

products  of  the  action  of  sulphur 

on,  Proc,  102. 


s. 


Saffranine,  benzylated,  595. 

Salicylic  acid,  presence  of,  in  certain 
genera  of  the  Liliacpce,  Proc,  122. 

compounds,  melting  points  of,  549. 

Sawarri  fat,  Proc,  G9. 

Silicon-compounds  and  their  deriva- 
tives, 474. 

Silicotetra-a-naphthylamide,  482. 

Silicotetra-/3-naphthylamide,  481. 

Silicotetraorthotolylamide,  480. 

Silicotetraparatolylamide,  478. 

Silicotetraphenylamide,  475. 

Silver,  effect  of,  on  the  freezing  point 
of  sodium,  674. 

molecular  weight  of,  532,  533. 

of  M.    Stas,  occlusion  of   oxvgen 

in,  400. 

periodates,  152. 

pure,  properties  of,  399. 

Sodium,  boiling  point  of,  326. 
gold  alloys,  properties  of,  670. 

lowering  of  the  freezing  point  of, 

by  the  addition  of  other  metals',  666. 

molecidar  weight  of,  527,  530,53  3. 

oxyamidosulphonate,  762. 

Solutions,  densities,  heat  capacities,  and 
electric.d  conductivities  of,  Proc,  86. 

mechanical,  physical,  and  chemi- 
cal, lowering  of  the  freezing  points 
of,  Proc,  150,  151. 

nature  of,  Proc,  86,  106. 

studv  of  the  freezing  temperatures 

of,  Proc.,  106. 


Solutions,  the  law  of  the  freezing  points 

of,  Proc,  149. 
Soxhlot  extractor,  improved,  359. 
Specific   gravities  and  volumes  of    ben- 
zene and  its  halogen-derivatives,  488. 

volumes  of  similar  compounds  of 

elements,  486. 
Spectra,     absorption,      of     cobalt-eon;- 
pounds,  Proc,  14. 

of  ferric  chloride,  Proc,  14. 

of  iron  and  cobalt,   relation 

between,  Proc,  14. 

of  the  elements  of  tlie  didy- 

mium-group,  259. 
of  the  elements  of  the  erbium- 
group,  265. 

incandescence,  267. 

of  the  yttrium-group  of  element.'^, 

269. 

phosphorescence,  267. 

action  of  different  eartlis  on 

275. 

interference  of,  276. 

rever.-ion,  279. 

Spectra,  sharj)  line,    of  phosphorescei  f 

alumina,  281. 
Spectroscope,   recent  researches  on  the 

rare  earths  as  interpreted  by,  255. 
Spectrum   of    thiophosphoryl"    fluoride 

322. 
Starch,  soluble,  action  of  diastase  on,  456. 

molecidar  weight  of,  465. 

pr()])crties  of,  450. 

relation    of    W.    Niigeli's 

amylodextrin  to,  449. 
Strontianite,  95. 
Succinbenzylamic  acid,  630. 
Succinbenzylimide,  629. 
Succindibenzylaniide,  631. 
Succinic  acid,  action  of  ethylenediaminc 

on,  10. 
Succinomonobenzylamide,  632. 
Sulphones,  formation  of,  on   sulphona- 
ting  naphthalene-derivatives,    Proc 
121. 
Sulphuric     acid,    causes    affecting    tlie 
lowering    of   (he   freezing    points  of 
solutions  of,  Proc,  150. 

estimation  of,  in  rain-water, 

545. 

■  heat  of  dissolution  of,  Peoc 

88. 

heat  of  neutralisation  of,  323. 

hydrates  of,  Proc,  88,  106, 

128,  151. 

~ —  tetrahydrate  of,  existing  in 

solution,  isolation  of  a,  Proc,  128. 

volumetric     estimation    of, 

Proc,  5. 

anhydride,     compounds     of     ar- 

senious  oxides  with,  157. 
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Sulphuric  trioxide,  compound    of  boric 
acid  with,  155. 


T. 


Tetraquinone,  Proc,  1888,  116. 

dibromo-,  Proc,  1888,  117. 

dinitro-,  Proc,  1888,  117. 

Tellurium,  atomic  weight  of,  382. 

compound  nature  of,  407,  411. 

tetrabromide,     preparation     of, 

396. 

Tetrabenzylmetaphenjlenediamine,  602. 

Tetrabenzylparaphenvlenediamine,  600. 

Tetrahjdrophenylmetlivl  metlijl  carbi- 
nol,  ortho-,  Proc,  144. 

Tetraphenylcrotolactone,  Proc,  137. 

Tetrethylammonium  chloride,  magne- 
tic rotatory  power  of  solutions  of, 
715, 743. 

Tetrethylphosphonium  dibromiodide, 
128. 

dichloriodide,  130. 

heptabromide,  131. 

salts,  action  of  bromine  and  chlo- 
rine on,  126. 

preparation  of,  135. 

Tetrethylphosphonium  sulphate,  com- 
pounds of,  with  chlorine  and  bi'omine, 
132,  133. 

tetrachloride,  130. 

tribromide,  131. 

trichloride,  132. 

Thallium,  effect  of,  on  the  freezing 
point  of  sodium,  671. 

molecular  weight  of,  531,  533. 

Thermochemistry,  principles  of,  14. 

Thialdine,  action  of  ortliotolylthiocarb- 
imide  and  of  phenylthiocarbimide  on, 
626,  627. 

Thiocarbimides,  618. 

Thionyl  thiocyanate,  48. 

Thiophosphoryl  fluoride,  306. 

action   of  air  and  of  oxTgen 

on,  312,313. 

action  of  alkalis  on  318. 

■ action  of  ammonia  on,  318. 

action  of  water  on,  317. 

liquefaction  of,  322. 

properties  of,  311. 

spectrum  of,  322. 

vapour-density  of,  308. 

Tin,  lowering  of  the  freezing  point  of, 
by  the  addition  of  other  metals,  667. 

molecular  weight  of,  531,  533. 

Tin-cadmium  alloys,  679. 

Tin-lead  alloys,  677. 

Tin-zinc  alloys,  679. 

Toluidine,  diazotised  para-,  action  of,  on 
methylparabromaniline.  433. 


Toluidine,  diazotised  para-,  action  of,  on 
methylparachloraniline,  436. 

para-,  action  of  sulphur  on,  228. 

Tolylbenzoylthiocarbamide,  ortho-,  622. 

Tolylhydrazine,  para-,  action  of  chloro- 
form and  alcoholic  potash  on,  247. 

Tolylthiocarbimide,  ortho-,  action  of,  on 
thialdine,  626. 

Triacetyldiamidohydroxynaphthyl- 
phenyl,  124. 

Tribenzylphosphine  oxide,  action  of 
chlorine  on,  227. 

action  of  nitric  acid  on.  225. 

action  of  sulphuric  acid  on, 

226. 

some  compounds  of,  223. 

trinitro-,  225. 

Triethylamine  hydrochloride,  magnetic 

rotatory  power  of  solutions  of,   714, 

743.  • 

magnetic  rotatory  power  of,  692, 

729. 

Triethylsulphine    salts,  preparation    of, 

135.' 
Trimethylene  cyanide,  magnetic  rotatory 

power  of,  702. 
Triphenylbutyrolactone,  Proc,  138. 
Triphenylcrotolactone,  Proc.  137. 
Triphenylpyrazole,  Proc,  141. 
Tvipropylamine,       magnetic       rotatory 

power  of,  694,  730. 

ignited,  action   of  ammonia 

on,  42. 

Tungsten-compounds,  action  of  ammo- 
nia on,  41. 

hexachloride,  action   of    ammonia 

on,  44. 

oxTchloride,    action    of    ammonia 

on,  43. 

Tungstic  anhydride,  action  of  ammonium 
chloride  on,  42. 

ignited,  action  of  ammonia 

on,  42. 


Vanadinite,  94. 

Yapour-density,  method  of  determining, 

applicable   at   all    temperatures    and 

pressures,  Proc,  1888,  110. 

of  hydrogen  fluoride,  163. 

Vapour-i^ressures  of  a  mixtiu'e  of  propyl 

alcohol  and  water,  Proc,  1888,  101. 

of  quinoline,  483. 

of    similar    compounds    of 

elements,  486. 
Volumes,    specific,   of  benzene  and   its 

haloid-derivatives,  488. 
• of    similar    compoinids    of 

elements,  486. 
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W. 

Water,  estimation  of  dissolved  oxygen 

in,  552. 
expansion  of,  Proc,  89. 

oxidation  of,  i,o  hydrogen  per- 
oxide nndiT  tlie  influence  of  light, 
Pkoc,  134. 

rain-,  analysis  of,  543. 

estimation    of    ammonia  in, 

54  k 

at  Eothamsted,  amount    of 

nitric  acid  in,  537. 


X. 


Xenylenepyrazine,  98. 


Y. 

Yttrium-group,  spectra  of,  2G9. 


z. 


Zinc,  atomic  weight  of,  4t3. 

effect  of,  on  tlie  freezing  point  of 

sodium,  fi74. 
mineral,    from    a    blast    furnace, 

Proc  ,  67. 

molecular  weight  of,  531,  533. 

Zinc -lead  alloys,  678. 
Zinc-tin  alloys,  079. 


ERRATA. 


Vol.  LV. 

Page.  Line. 

16  20     from  top,/or  "  enumerate,"  read  "  enunciate." 

17  last  line,  ff/^e?'  "zinc,"  insert  "  in  certain  proportions." 

18  2     from  top,  o>rt(7  "brass." 

18       3  „        for  "brass,"  read  "such  a  compound." 

23   7  &  8  „        for  "  In  fact,    the  water   at  tliis  temperature  is   continually 

giving  off  fundamental  molecules  (that  is,  has  a 
vapour-tension),"  read  "  In  the  fact  that  water  at 
this  temperatvn'e  is  continually  giving  off  fundamental 
molecules  (that  is,  has  a  vapour-tension),  we  have  a 
proof  that." 

430  12  &  13  from  top /or  "  (>»)TSrO.,-C6H4-]SroGioH,-OH(/3) 52  -74  " 

(j9)Br-C6H4-N2-C,oH6-OH(8) 47  -26  " 

read  "  (m)lsOi-C^B:y'^..-Ci^,U^-OR(^) 47  26 " 

(;j)Br-C6n4-X.yCioHc-OH03) 52-74 

761       5  „  for  "  25,  455,"  read  "  25,  455  and  29,  422." 
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